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ABOUT LIGHT PROPAGATION
 
Chapter I
 
The Problem
 
Background and Theory 
Students' conceptions of the nature of light and light propagation have been the 
focus of research in a number of countries, with subjects ranging in age from 
elementary to college level (Anderson & Karrgvist, 1983; Anderson & Smith, 1983; 
Asoko, 1993; Brickhouse, 1994; Eaton, Anderson & Smith, 1984; Feher & Rice, 
1986, 1988; Feher & Meyer, 1992; Galili, Bendal & Goldberg, 1993; Rice & Feher, 
1987; Segal, 1994; Shapiro,  1989; Stead & Osborne, 1980; Webb, 1982, 1983;  Wier, 
1992). The study of the nature of light is a common component of elementary school 
science curriculum in all countries.  At the completion of elementary science classes, 
students are expected to have a good conceptual understanding of light properties, 
shadow formation, image formation, and refraction, all of which relate to light's nature 
to travel in a straight -line pathway and spread out over an increasingly larger area as it 
travels. 
While light propagation is the most basic concept in the study of the nature of 
light, children have difficulty grasping this abstract subject. In the last 15 years, a 
number of studies have shown that students hold many incorrect understandings, or 
misconceptions, related to light propagation.  Stead and Osborne (1980), Anderson and 2 
Karrgvist (1983), Guesne (1985), Feher and Rice (1986, 1988), and Feher and Meyer 
(1992) all performed in-depth investigations on elementary children's ideas about light 
propagation. They found that most children believed light to be a holistic entity that 
travels like a tunnel. When predicting pinhole images, children drew parallel lines 
going from the source of light through the pinhole and onto the screen, forming an 
Some children thought the hole played a passive role image the same size as the hole.
 
and light an active one. Children thought light went through the hole and came out the
 
same as it started, regardless of the shape of the hole.  Children conceived shadows as 
a reflection, an object, or a darker light. Some children believed that the eye is an 
active agent for seeing and that seeing is not related to reflected light from an object. 
In some children's minds, only the concept of light source and its effects existed; the 
concept of light entity in space did not. To them, sunlight moves with light speed 
across the galaxy, but with short distances, light does not move, nor can light travel far 
in the night. 
Previous research (Anderson & Karrgvist, 1983; Anderson & Smith, 1983; 
Feher & Rice, 1986, 1988; Feher & Meyer, 1992; Rice & Feher, 1987;  Stead & 
Osborne, 1980) has shown that children's misconceptions are formed in early 
childhood, and they persist even after instruction. Much effort has been focused on 
developing effective instructional approaches to remove children's misconceptions 
about light propagation and to construct scientifically accepted concepts. A review of 
recent research (Anderson & Smith, 1983; Asoko, 1993; Brickhouse, 1994; Eaton, 
Anderson & Smith, 1984; Osborne & Black, 1993; Segal, 1994; Shapiro, 1989; Wier, 
1992), investigated effective instructional approaches for developing children's 3 
scientifically accepted concepts about light propagation and revealed that all the 
strategies used in the teaching approaches were based upon children's preconceptions 
about light propagation. The learning theory was based on producing conceptual 
change. "Preconceptions" are defined as the conceptions which are not scientifically 
accepted. The have also been described as misconceptions, alternative frameworks, 
mental models, children's ideas, children's science, and children's early experience 
(Webb, 1992). 
The teaching approach, based upon children's preconceptions, originated from 
Over the past two decades, research in science the epistemology of constructivism. 
education has increasingly focused on student learning and, most recently, on a 
constructivist approach to science learning. Most educators believe that new 
knowledge is built on prior knowledge. Any field of knowledge has basic concepts on 
which more complex ideas are built. Children's ideas about science topics are 
surprising and amusing. Their ideas may be clear, reasonable, and intelligent, yet 
scientifically inaccurate ways of making sense of the world. These informal theories, 
or preconceptions, are based on what children have seen and felt, on the language they 
use, and on their reasoning ability. Once internalized, these preconceptions are 
pervasive and resistant to change.
 
The constructivist theory, the cognitive process of learning popularized from
 
Piaget's theory (1929), says that, at a very young age and prior to any formal teaching, 
children actively construct their own views of the world, including scientific views. 
Arguing that discovery-oriented learning is inefficient in school settings and that most 
content is received verbally by learners, Ausubel (1963) proposed a meaningful 4 
learning model. In an attempt to prepare the learner to add relevant new information to 
information already stored, Ausubel (1968) suggested the use of "advance organizers" 
to serve as skeletons for further learning. An organizer may be a statement or series of 
statements showing how concepts to be learned are linked to one another and to 
concepts already learned. Ausubel clearly pointed out that the single most important 
factor influencing learning is what the learner already knows. Wittrock (1974) also 
emphasized that, from their background, learners have already generated attitudes, 
abilities, and experiences that determine ways in which they will generate useful new 
meanings and concepts. Agreeing with this viewpoint,  Driver (1980) proposed that 
effective teaching requires finding the preconceptions held by the child and presenting 
materials in a way that encourages the child to reconsider or modify these 
preconceptions. 
Recent research has indicated that classroom instruction in a topical area 
guarantees neither an understanding of the topic nor a reduction in misconceptions 
(Eaton, Anderson, & Smith, 1984; Ross & Shuell, 1993). Based on the theory that 
knowledge is personally constructed as a result of a student's unique set of experiences, 
it has become a commonplace belief that learning results from the interaction between 
what the student is taught and the student's current ideas or concepts (Ausubel, 1968). 
Science education research today has placed an increased emphasis on the degree of 
conceptual knowledge held by learners of all ages.  Recognition of the importance of 
preconceptions has spurred researchers to examine strategies to bring children's 
thinking into line with that of scientists. 5 
Freyberg and Osborne (1985) considered that the generation of a new idea was 
based upon a person's existing ideas, plus sensory input, and that a modification of 
existing ideas was needed for the successful generation of a new idea. Without some 
appreciation of the learner's existing framework of ideas and the extent of modification 
needed for the learner to accept what is being taught, successful teaching becomes even 
The model shown in Figure 1 (adapted from Freyberg and Osborne's more difficult.
 
1985 study) represents the role of learners' preconceptions in the learning process.
 
Although a learning theory based on children's preconceptions has been 
developed, there appears to be a need for research focusing more on the actual content 
of students' ideas and less on the supposed underlying logical structures.  However, 
there has been no well-articulated theory explaining or describing the concrete process 
by which students' central organizing concepts move from one set of concepts to 
another set. Posner, Strike, Hewson, and Gertzog at Cornell University (1982) first 
sketched a general conceptual change model, explaining how to transfer the existing 
ideas to an new concept. They described learning as a process in which people change 
their conceptions by capturing new conceptions or exchanging existing conceptions for 
a new conception (i.e., a process of conceptual change). Conceptual changes do not 
occur without concomitant changes in the status of the concepts involved. According to 
Posner, et al. (1982), for conceptual change to take place, (1) students must experience 
dissatisfaction with their present concepts, (2) the correct concept must be intelligible, 
(3) the correct concept must be plausible, and (4) the correct concept must be fruitful. 
These four prerequisite conditions suggest the need for both active, direct instruction by 6 
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Figure 1. The importance of existing ideas in the learning process: a schematic 
representation. (Adapted from Freyberg & Osborne, 1985.) 7 
a knowledgeable, skillful teacher and active 'participation and cognitive struggle by the 
students. Conceptual change teaching challenges students to modify, extend, or 
exchange their misconceptions for the appropriate scientific conceptions. In other 
words, the purpose of teaching is to promote conceptual change. In a conceptual 
change teaching-learning environment, the students' prior knowledge plays a crucial 
role. Recent literature indicates that when teachers do not take into account students' 
prior knowledge, vestiges of that knowledge may emerge later as a source of difficulty, 
regardless of how learners acquire new concepts (Galili, Bendal & Goldberg, 1993; 
Gilbert, Warts & Osborne, 1982). 
In recent research, teaching approaches based on elementary children's 
preconceptions and used to promote conceptual change about light propagation have 
included various strategies, such as the well-designed learning cycle, conflict-producing 
for accommodation, bridging analogies, and group learning. Eaton et al. (1984) and 
Shapiro (1989) used the same learning cycle of teaching intervention, which consisted 
of three phases: exploration, in which students were exposed to hands-on experiment; 
theory introduction, in which the teachers assisted with inventing a new concept; and 
concept application, in which students were helped to generalize the concept. 
Fetherstonhaugh and Treagust (1992) investigated the effectiveness of the 
conflict-producing technique on children's conceptual change about light propagation. 
The approach employed the conflict between children's misconceptions and the actual 
physical reality, which led to effective cognitive development and conceptual change. 
Asoko (1993) tried to remove students' misconceptions about shadow formation by 
bridging analogies that linked a target concept (one that was unknown to children) to an 8 
anchoring example (one that was known to children and was a scientifically acceptable 
Webb (1982, 1983) and Brickhouse (1994) approximation of the target concept). 
employed group learning to overcome children's misconceptions about light. The 
studies reported that the merits of the group discussion in the science classroom were 
the absence of the teacher as an authority figure and the opportunity for individuals to 
express their misconceptions and clarify their thinking through peer verbal interactions. 
Based on the conceptual change model proposed by Posner et al. (1982) and the 
instructional approaches described in the literature, the "Structure of Conceptual 
Change Model" (Figure 2) was designed for the learning process used in this study. 
Three main phases were included in this model. In the first phase, the primary phase, 
children's preconceptions were probed before instruction, providing the teacher with 
children's views and helping children formulate their own ideas on the topic. In the 
second phase, the challenge phase, students were guided to find the real phenomenon, 
experience dissatisfaction with their preconceptions, and reconstruct concepts. 
Activities were provided to enable students to work at their own pace. Teachers 
interacted with students and guided them to learn about the intelligible and plausible 
view of the correct model. The strategies of small group discussion, conflict-
producing, and analogy were suggested in this phase. Shapiro (1989) and Wier (1992) 
have suggested that teachers try to bring a variety of skills to master the intricacy of 
conceptual change lessons. In the third phase, the application phase, children's 9 
learning was reinforced by using the learning cycle. Students were encouraged to try a 
variety of problems and to extend the scope of those problems as they saw fit. 
Teachers helped students to see how a scientific model could be applicable in solving 
specific problems. 
figure 2. The structure of the Conceptual Change Model based on children's 
preconceptions. 10 
Statement of the Problem 
Some research (Guesne, 1985; Feher & Rice, 1986, 1988) has probed 
children's misconceptions about light propagation. Those studies reported that 
children's misconceptions persisted after traditional teaching and argued that teaching 
strategies should attempt to promote conceptual change. Other researchers (Anderson 
& Smith, 1983; Asoko, 1993; Brickhouse, 1994; Eaton, Anderson & Smith, 1984; 
Osborne & Black, 1993; Segal, 1994; Shapiro, 1989; Wier, 1992) have focused on 
instructional materials designed to promote conceptual change, and all the teaching 
approaches had similar sequences under the conceptual change model. However, those 
studies did not systematically compare different teaching approaches. 
Asoko (1993) developed a portion of teaching materials about shadows under 
the conceptual change model for 8- to 9-year-old children. Fetherstonhaugh and 
Treagust (1992) examined the effectiveness of materials they designed under the 
framework of the conceptual change model about light and seeing. Their subjects were 
13- to 15-year-old students, and they compared the pretest and the posttest results. 
Most of the research conducted with teaching materials designed to promote students' 
conceptual change about light propagation, however, did not evaluate effectiveness 
(Brickhouse, 1994; Segal, 1994; Wier,  1992). There is not enough evidence to 
conclude that the conceptual change model is really better than other teaching 
approaches. 11 
Rollnick and Rutherford (1993) designed an intervention about air pressure 
under the conceptual change model, using in-service elementary teachers, in which they 
compared the conceptual change model and other approaches. They found the 
conceptual change strategies to be more effective than traditional approaches. 
The conceptual change model used to teach science to elementary level children 
In this study, a teaching sequence (found in is worthy of further investigation.
 
Appendix A) was developed under the conceptual change model illustrated in Figure 2.
 
The conceptual change materials (CCM) included various strategies used in the
 
previous research, such as conflict-producing, analogy, well-designed learning cycle, 
and small group discussion. 
The main purpose of the study was to examine the relative effectiveness of the 
CCM with fourth-grade children in Taiwan, ROC. The primary phases were (1) to 
design acceptable science materials revised from current teaching materials, (2) to 
develop an instrument to assess children's conceptions about light propagation, (3) to 
probe children's preconceptions about light propagation, and (4) to evaluate the 
effectiveness of the CCM for children's conceptual change about light propagation. 
Consequently, the general research question investigated was as follows: Are the 
conceptual change materials, based on children's preconceptions, more effective in 
producing conceptual change about light propagation than are the traditional teaching 
materials? 12 
Significance of the Study 
This study implemented a teaching approach designed under the framework of 
the conceptual change model. Primarily, teachers needed to grasp children's 
preconceptions prior to instruction. Teaching is needed to promote conceptual change 
and remove children's misconceptions, because misconceptions begin to form in 
children's early years.  If they are identified and changed before they become entwined 
in the memory network, they will be easier to change (Driver & Erickson, 1983). 
The topic of light propagation was investigated in this study, not only because it 
is a main component of elementary science, but because it promotes the correct use of 
optical instruments in everyday life, and it provides more correct information on which 
to build the successful understanding of future topics. For example, the concepts of 
reflection, refraction, and dispersion are all related to light propagation.  After the 
scientific concept about light propagation has been accepted by students, they are able 
to apply this concept in everyday life, physical science, and other related science fields. 
The study also provides information to science education. Data from the study 
can be used to improve all elementary science teaching curricula. Because science 
teachers commonly follow the textbook, an effective science curriculum is especially 
important. Eaton et al. (1984) investigated teachers' instruction about light and found 
that most teachers normally followed the textbook, which, unfortunately, gave them no 
indication of what they should do. Although they tried to teach the unit well, most of 
their students did not come to understand the role of light in seeing. The occurrence 
and persistence of students' preconceptions had far-reaching educational implications. 13 
Everything the students were taught was either consistent with their misconception or 
so disconnected from it as to seem irrelevant. Therefore, developing effective 
approaches for conceptual change teaching to improve science curricula is necessary. 
In Taiwan, especially, teaching approaches that are based upon children's 
preconceptions are still new to most of the curriculum developers and science textbook 
writers (Guo, 1993). 
This study also provides information for improving teacher education. 
Children's cognition about science should be addressed in preservice and inservice 
education. Eaton et al. (1984) conducted a study on fifth grade teachers' instruction 
about light and seeing. The results showed that the reason students had difficulty 
changing their conceptions had neither to do with the textbook nor with the teachers' 
ability to deal with students' conceptions. The main factor was that teachers did not 
have any information about their students' probable misconceptions. This investigation 
supplies additional knowledge to both teachers and science educators of what 
misconceptions students are likely to have. Such information is considered to be a 
critical prerequisite to any attempts to improve science instruction, science curricula, 
and students' understanding. 14 
Chapter II
 
Analysis of Relevant Literature and Research
 
Introduction 
Three main phases were included in the conceptual change materials: (1) 
probing of children's existing preconceptions, (2) challenging of children's conceptual 
change and using strategies to help reconstruct children's concepts, and (3) reinforcing 
applicable concepts through the learning cycle. Therefore, the literature reviewed in 
this chapter will include studies investigating children's preconceptions about light 
propagation and studies seeking effective approaches to promote children's conceptual 
change about light propagation. Children's misconceptions about light propagation 
identified in the literature will be classified in the summary. Finally, the chapter will 
summarize the effective strategies for promoting conceptual change in the elementary 
science classroom. 
Research on Children's Ideas About Light 
Piaget (1929, 1974) made some of the earliest research findings reported in the 
area of light propagation. He noted that young children who were asked about the 
process of vision made no connection between eye and object, while at a later stage, 
they commonly thought of vision as a passage from the eye to the object. Younger 
children thought of a shadow as real matter, a dark image, or a presence, rather than an 
absence of light. 15 
The ideas children hold about the nature of light were studied further by Guesne 
(1985), who examined 10-, 11-,  13-, and 14-year-olds. Guesne considered that there 
were two aspects of conceptions related to the propagation of light, the propagation 
time and the straight path.  The 10- and 11-year-olds rarely expressed the idea of light 
moving in space. When they did, it was almost always in the case of very great 
distance. The children in Guesne's study understood the concept of propagation time in 
relation to the sun, but they could not understand that light still needed time for 
propagating from a light bulb to a desk. They often learned about sun- to-earth 
propagation time from books or media, but the idea of moving light was still foreign to 
children, even when they considered light as an entity in space. The 10- to 11-year-old 
children equated light only with its source or with its effects. When asked if light 
moves, they replied either in terms of the movement of the light source or in terms of 
the variations of an effect. The interesting finding was that children could actually 
place light on linear rays, without having any idea of the movement of light along rays. 
The notion of a straight path of light was not completely associated with the concept of 
propagation time. 
Guesne tested children's conceptions of shadow formation, a valid 
representative for the concept of the straight path. However, the researcher found that 
most of the children aged 10 to 11 had a generally correct idea of the relative positions 
of the source, the object, and the object's shadow, even though they did not accurately 
explain the model by the notion of the straight path of light. 
Guesne also investigated children's conceptions about the interaction between 
light and a magnifying glass commonly used by the children. Children's existing ideas 16 
included "the magnifying glass makes the light bigger" and " the magnifying glass 
concentrates the light." Children did not use the scientific explanation of the 
magnification, nor did they take into consideration the conservation of light. Rather, 
they suggested that the magnifying glass had the power to multiply or intensify light. 
The children confused the effects of the magnification with the converging of lenses. 
Testing children's concepts of reflected light revealed they made little 
connection with the concepts of various light radiations and the colors of objects. 
Children rarely spontaneously associated color with light. For them, color was likely 
to be an intrinsic property of objects, quite independent of light. Most of the 10- to 11­
year -olds in Guesne's study had no concept about the relationships between the color of 
reflected light and the color of an object. 
These results are different from Segal's research (1994), which found that fifth-
grade children had the conception of light reflected from a mirror, although they had 
no idea that light reflected from an object. Segal found four models in children's 
conceptions about light and vision. Many children held the conception that light travels 
between the source, the object, and the eyes, without any mechanism. The children did 
not perceive the necessity of a mediator between the eye and the object, but they 
believed light played a more precise role:  it lights up an object. A few children 
imagined "seeing" as a movement from the eye to the object. In this model of vision, 
the eye is not a receptor but is, on the contrary, an active agent. The physicist's model 
is rare among children, especially when objects are not themselves luminous. 
Recently, Rice and Feher (1987), Feher and Rice (1986), and Feher and Meyer (1992) 17 
made much effort to probe children's conceptions about straight-line propagation and 
shadows. Many findings different from Piaget's and Guesne's were provided. 
Straight-Line Pathway 
When light goes through a hole, straight propagation and, sometimes, 
diffraction occur. Diffraction is visible only if the aperture is similar in size to the 
light wavelength. For children, light wavelength is irrelevant and invisible. In order 
to investigate children's understanding of light propagation through holes, Rice and 
Feher (1987) elicited and analyzed children's predictions and explanations of the 
formation of pinhole images, using extended light sources. 
The pinhole image was first used to investigate the cognitive development of 
children's ideas about the straight propagation of light. The subjects were 110 
children, 9 to 13 years of age, who came to a local science center with their class field 
trips. The researchers performed clinical interviews, in which the subjects were 
questioned about their thought processes, as they carried out a series of predetermined 
tasks. The data were recorded in notes, annotated sketches, and an audio tape 
recording of the dialogue. The average duration of an interview was 15 minutes. Not 
all children were asked all the questions on the comprehensive protocol. The subjects 
interviewed were selected for convenience.  Some groups of children responded to 
partial protocols that were different from others. The protocols used in this research 
were formulated after a number of preliminary interviews, which were aimed at testing 
questions for form, content, and sequencing. 18 
To examine children's conceptions about light's straight propagation, the 
researchers set up a large screen, a variety of light sources contained in a box, and an 
assortment of flat objects that were apertures, or windows, to be placed between the 
source and the screen.  In this work, the authors confined themselves to the use of a 
light source in the shape of a cross that was made of two perpendicular fluorescent 
tubes, each 20 cm long. The main apertures used were circular holes. One had a 
diameter of 1 cm that was small compared to the dimensions of the source. The other 
had a diameter of 25 cm that was large compared to the source. Both of the holes were 
visible to the children. The subjects were asked to predict the images that would be 
formed from the cross-shaped light source shining through the two circular apertures. 
After arranging children's predictions, Rice and Feher found three types of 
images: a circle, a cross, and a shape that blended elements of both (such as a cross 
with rounded points or a square).  Most of the children who predicted a circle 
explained that it was "because the hole is a circle," and most of those who predicted a 
cross said, "because the light is a cross." The children who predicted blended shapes 
gave explanations such as, "The cross has points, and the circle will round the points." 
One group of 41 children made predictions first for the large hole, then for the small 
one. For the large hole, half the predictions were a circle; the other half predicted the 
cross shape, half of them blending it with the shape of the hole. For the small hole, 
three fourths of these children predicted a circle; the rest predicted a cross or a blended 
image. However, in another volunteer set, 42 children were asked to predict only for 
the small hole. Half of them predicted a circular image, and the other half predicted 
crosses or blended images.  Among the 22 children that predicted what they would see 19 
with nothing placed between the source and the screen (a situation that corresponded, 
conceptually, to a hole with an infinite diameter) the answers were divided evenly 
between "lit screen" and "cross." 
The children made four basic types of diagrams of light propagation. Forty 
percent of the diagrams showed parallel lines spanning the size of the hole in question, 
going from the source through the hole and onto the screen and forming an image the 
same size as the hole. Eighteen percent of the diagrams showed parallel lines from the 
source diverging at the hole, then spreading on the other side of the hole, with the 
image on the screen larger than the hole. Fourteen percent showed diagonal lines from 
the source to the hole and then again from the hole to the screen. Two thirds of these 
diagrams showed divergence of the "rays" at the hole. Fourteen percent were single-
line diagrams that only indicated directionality. When the children were asked if all the 
light emitted from the source went through the hole, one-fourth of them answered 
"yes." These children drew diagrams in which the light from the source funneled into 
the pinhole. The children who said "no" were asked to draw in the "extra light" that 
did not go through the hole. Half of these children had drawn parallel line diagrams, 
and they drew the "extra light" also as parallel lines. In other words, all the light 
traveled toward the hole and in parallel fashion. 
Twenty-six percent of the children who predicted the cross-shaped image stated 
that they did so because the light was a cross. Twenty percent of the children had the 
hole playing an active role in changing the light in shape and size. These children said 
that light turns into a cross when it goes through or that the hole makes the light 
smaller. Forty percent of children conceptualized the hole as passive and placed the 20 
emphasis on the behavior of the light. These children said that the light itself gets 
smaller as it goes through the hole and comes out the other side or that light goes in 
and comes out the same as it starts, regardless of the shape of the hole. 
Eight children who had predicted and observed the effect were asked to predict 
the image after half of the hole was covered. Six of these children predicted, correctly, 
a cross and explained that only the hole was made smaller. Two of the children 
predicted a "T" and explained that the masking prevented the top of the cross from 
coming through or "fitting" through the hole.  Eight children were asked to predict 
what they would see on the screen if, with the pinhole in place, the top of the light 
source were masked to form a "T." All of them predicted an upright "T" image and 
drew diagrams of the "squeeze" type--diagonal lines funneling in and out of the hole 
without crossing over. Thirty-five children were shown the change in the pinhole 
image when the top of the light source was masked to form a "T." They were asked to 
explain the reason for the upside-down image on the screen. Three types of answers 
were discussed in the analysis. Forty percent of the children used analogies or 
references to similar prior experience. For example, they said that light went through 
the hole like an eye lens. Ten percent of these children attributed an active role to the 
hole. Some said that the hole turned the light around, making it upside-down. Forty 
percent of the children attributed an active role to the light. "The light turns around 
and goes upside-down." 
Rice and Feher discovered four misconceptions about the nature of light in this 
study: 21 
1. Children had the concept of "fit," in which they predicted the images 
according the size of aperture. 
2. Children had the concept of "squeeze." Whether they had the concept of 
active holes or active light, many children drew diagonal-line diagrams that, at first 
glance, resembled ray diagrams but were, in fact, "squeeze" diagrams. 
3. Children were prone to misuse scientific terms. The children liked to use the 
term "reflection" to explain images, although they did not actually think that the images 
were caused by the reflection of light. 
4. Children believed in a "holistic model" of light.
 
Children drew the light as a whole and preferentially in the direction of the
 
holes or screen for predicting and explaining the images. 
Shadows 
In 1929 Piaget investigated children's ideas about shadow, finding that 5- to 9­
year -old children thought of a shadow as "a substance that emanates from the objects 
themselves" and "travels out." Very young children (aged 5 and 6) regarded this 
substance as being alive and conscious.  Older children, aged 8 and 9, no longer 
considered the shadows to be animate objects; they had discovered a relationship 
between shade and light and, therefore, correctly predicted that the shadow always 
remained on the side of the object opposite the light source. However, Piaget did not 
think that they had a true understanding of the cause-and-effect relationship between 
light and shadow. 22 
Feher and Rice (1986) designed an experiment to obtain a shadow shaped like 
the source of light rather than the light-blocking object. This phenomenon is contrary 
to what most children (and many adults) believe about shadows. The standard way of 
explaining this surprising effect is in terms of ray diagrams. Each point of the light 
source emits rays, some of which are blocked by the object, causing its shadow. The 
sum total of these object-shadows produced by each point of the source is the source-
shaped shadow. Another way of explaining the effect is to think of an illuminated 
screen as being totally filled with inverted images of the source. When a small bead is 
placed in front of the screen, it blocks one image of the source, and the shadow is the 
same as the light source.  Compared with the image of a pinhole, the shadow of a small 
bead can be called anti-image. The shadow, then, carries information about the source. 
In the case of objects larger than the source blocking the path of light, the information 
about the source remains, but it may be barely discernible in the edges of the shadow. 
As in their 1987 study, Feher and Rice used a cross-shaped light source (two 
fluorescent tubes), a bead, and a ball. They found that most of the children predicted 
that the shadow of the bead in front of the cross light source was a circle, because the 
shadow was the shape of the object. When the children were asked whether the light 
had anything to do with the shadow, the usual answer was that the light allowed them 
to see the shadow. Further probing about how the light allowed them to see the 
shadow elicited answers like, "It puts it on the screen where we can see it," and "It 
shines on it so we can see it." Feher and Rice also found that children described a 
shadow as a "reflection." 23 
In their 1988 study, Feher and Rice first mentioned two interesting terms in 
connection with the concepts of shadow: "reified shadow" and "trigger model." Feher 
and Rice wanted to know what would happen if, instead of apertures, opaque objects 
were placed between the cross light source and the screen. They were interested to 
learn whether the notions of fit, squeeze, and holistic propagation would appear and to 
examine the way in which the concept of shadow was interpreted. The researchers 
again used their cross-shaped light, a bead, and a ball. 
For the sake of convenience, the researchers interviewed 40 children (ages 8-14) 
who visited the local science center. The first two questions were general and 
independent of the exhibit. The children were asked (1) to explain the reason for the 
formation of shadows and (2) whether shadows exist in the dark. The remaining 
questions were designed to elicit predictions of the shadows produced by a ball and a 
small bead placed between a light and a screen and explanations after the children were 
shown the cross-shaped shadow. With each request for a drawing, the interviewer 
prepared a skeleton diagram showing a cross (the light source) and a large or small 
circle (the ball or bead). The children were asked to complete these diagrams. 
Children's conceptions of shadow formation were classified into four types. 
Twenty-seven percent believed that a shadow is formed when light is blocked or 
deflected by an object. Forty-five percent believed that a shadow is formed when light 
acts on an object, when light "reflects on," "shines on," or "hits" an object. Eighteen 
percent answered that a shadow is a "reflection." Ten percent believed that a shadow is 
an "image," a "picture" that is the same shape as the object. As in Guesne's report 
(1985), an inappropriate use of scientific terms "reflecting" and "reflect" appeared in 24 
children's concepts of the formation of shadows, although no evidence or implication 
related to the reflection of light. 
When children were asked whether shadows exist in the dark, all the children 
interviewed said that a shadow cannot be seen in the dark. Forty percent of the 
children said that a shadow cannot be seen in the dark because light is necessary to 
make the shadow. These children explained that light is "blocked" or "deflected" or 
that light acts on the object. Forty-five percent said that the shadow is actually there, 
but they cannot see it. One reason they gave was that light is needed to release the 
shadow from the object to where it will show. Another was that human visual 
mechanisms are not operative in the dark. This explanation meant that they believed 
that eyes do not function without light or where there is no contrast or where the 
shadow is not illuminated. 
When children were asked to predict the shadows of a ball and a small bead, 
78% of them predicted that both of the shadows would be circles. After the 
interviewer showed them the cross shadow of a small bead, only 33% said that the 
shadow of the ball was a circle. Of the children who decided not to change their initial 
prediction, many explained that the ball was big and blocked the cross light, "since the 
ball is bigger than the bead, the shadow of the ball will still be a circle" (p. 645). 
Twenty-two percent predicted a cross-shaped shadow, and 45% predicted that the 
shadow of a ball would show blended shapes of the source and the object. The 
diagrams and explanations of the predictions of the ball's shadow can be classified into 
two types. One is absence of light; for example, light is blocked or light is deflected. 25 
The other is reified shadow; for example, an object casts a shadow, or light pushes 
shadow. 
In this study, Feher and Rice found that only about one quarter of the children 
had a scientific conception that a shadow is the absence of light. Most of the children 
had conceptions of "reified shadows." The authors defined the model of reified 
shadow as having a well-defined shape, occupying space, being capable of motion, and 
being susceptible to pushing. The idea that the shadow belongs to an object is so 
strong that, when the children in the study were confronted with a shadow that was not 
in the shape of the opaque (the bead), most of them explained that the light source had 
a shadow, and one half of them insisted that the circular shadow of the bead was in the 
middle of the cross-shaped shadow of the source. Although the children were surprised 
by the shape on the screen, they were not really concerned with how the cross shadow 
of a small bead was formed. Therefore, when given a chance to make a new prediction 
for the ball, 20% of the children kept the circular shadow of the ball in the center of a 
shadow of the cross. This result was the same as Piaget's (1929) pioneering work on 
children's conceptions of shadows. 
Although different age levels (8- to 14-year-olds) were not separated, Feher and 
Rice still could tell the difference in conceptions between the younger and the older 
children. Half of the subjects, the younger ones, believed that the shadows were there 
at night. A shadow that exists at night is a shadow that belongs to the object. Either 
the object produces it and we just can not see it, or the shadow is hiding within the 
object and cannot be produced or cast until light hits the object and provokes it to do 
so. In either case, the shadow "belongs" to the object. 26 
From the analysis of the shadows, the authors also found four types of roles of 
light (pp. 646-647). 
Type 1. Light produces a shadow when it is blocked by an object. This 
explanation of the role of light is essentially correct, in that the shadow is 
conceptualized as the absence of light, even though the actual propagation diagrams and 
geometrical constructions may have been incorrect. 
Type 2. Light produces a shadow when it is deflected by an object. This 
explanation is transitional for a shadow. Even though shadow is the absence of light, 
the children referred to the region of darkness behind the object as if it had material 
existence ("the light goes around the tube of darkness"). There is also no geometrical 
construction that accounts for the shape or the size of the shadow. 
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the shadow to the screen. Here light plays a dynamic role, acting in a forceful manner 
upon object and shadow. 
Type 4. Light enables us to see the shadow.  Light plays a passive role in 
allowing us to see a reified shadow. 
The roles that each child ascribed to the light were consistent through the
 
answers in one interview. One quarter of the subjects that were identified as being well
 
on their way to a correct understanding of shadow formation (Type 1 or Type 2) were
 
the older children, 11 to 14 years old. Younger children held the ideas of Type 3 and 
Type 4. With these two types of conceptions, light played a dual role, dynamic and 
passive. In a dynamic role, light causes the object to produce or cast a shadow. In a 
passive role, light enables humans to see the shadow. This way of thinking 27 
characterizes what the authors called the "Trigger Model." In this model, the shadow 
is a quasi-material entity, associated with an opaque object, whose movement to the 
screen is initiated, or triggered, when light hits the object. From object to screen, the 
shadow either moves on its own, like a projectile shot out by the opaque object, or is 
pushed by the light. Once it is on the screen, light is needed to see the shadow, just 
like light is needed to see any other object--not through an active reflection process, but 
because ambient light is necessary as a medium that enables eyes to see. Children 
could use this model to explain why shadows do or do not exist in the dark. For the B­
and 9-year-olds, the shadow existed independent of the light, and often the light itself 
pushed it to the screen. As one child in Piaget's 1929 study explained, "The light will 
drive the shadows before it." The 9- to 11-year-old group denied the existence of the 
shadow in the dark and already understood that there is a cause-and-effect relationship 
between light and shadow. However, they did not yet understand the abstract nature of 
that relationship. Piaget proposed that those children were in a transitional stage, 
between the non-causal explanations and the accepted scientific one. 
Feher and Meyer (1992) designed colored objects and colored light sources to 
probe the conceptions of shadow. Thirty-four visiting children, aged 8-13, were 
individually interviewed at the site of an exhibit. The interviews elicited predictions 
and explanations of the outcome of tasks carried out at the exhibit itself. Each 
interview took about 15 minutes and was videotaped. The task-oriented interviews 
were conducted using only the red and green lamps and tennis balls as shadow-forming 
objects. When only the red light was turned on and the ball was placed between the 
light and screen, a dark shadow and a red screen resulted; when the green light was 28 
turned on as well, the screen looked yellow, the dark shadow became green, and a new 
red shadow appeared. 
With one red light and one green object, over half the children (59%) predicted 
a dark shadow on the screen;  only half of them did so for the correct reason (that the 
object blocked the light). Over one third (35%) predicted a red shadow, described as 
being somewhat darker than the red-colored screen. Two of the children (6%) 
predicted a green shadow. With both red and green lights and one green ball, 48% of 
the students predicted only one shadow. The diagrams drawn by these children were 
shaped into a horizontal "Y." They showed light going from each source to the ball; 
on the other side of the ball, single or parallel lines went to the screen, where a single 
shadow was drawn. The children who predicted two shadows (52%) drew diagrams 
showing the colored light rays either spreading after the ball to form a double "V" or 
crossing at the ball to form an "X." It was not surprising that about two thirds of the 
children (65%) predicted the shadow(s) would be dark, because they had just seen the 
dark shadow with one light. However, half of the 12 children who had predicted color 
shadows persisted in the idea that the shadow was the color of the light. These children 
predicted red and green shadows that were not necessarily correctly placed, and one 
predicted a yellow shadow. One of the other six children predicted a green shadow 
with one light and two green shadows with two lights, persisting in the idea that the 
shadow is the color of the object. The remaining five children predicted a dark shadow 
with one light. Three of them gave explanations suggesting an incipient understanding 
that shadows are formed when light is blocked. 29 
In Feher and Rice's 1988 work with shadows and white light, they described a 
model of shadows caused by the absence of light. Children thought that the shadow 
belonged to the object. The model was comprised of a two-step explanation: The light 
hits the object, initiating or triggering the movement of the shadow to the screen, or 
wherever it will show. The colored shadow in Feher and Meyer's study reinforced the 
existence of the trigger model and also revised it.  Children's diagrams emphasized that 
it is the presence, rather than the absence of light, that is responsible for the shadow. 
Moreover, with two lights, the authors expected the diagrams to be X-shaped with each 
colored light pushing a shadow to the screen. There were a few of those diagrams, but 
there were many Y-shaped diagrams, confirming the existence of the conception that an 
object has only one shadow (one-to-one correspondence between shadow and object). 
This concept is the same as that revealed by the children who predicted the round 
shadow of the bead within the cross-shaped shadow when the light source was cross 
shaped. All these results point out the importance, for instructional purposes, of 
working with more than one point light source to show that the object can have more 
than one shadow. 
Research Related to Conceptual Change 
Fetherstonhaugh and Treagust (1992) elicited children's prior conceptions about 
light and its properties and developed a teaching approach based on the conceptual 
change model proposed by Posner et al. (1982). They used a conflict-producing 
strategy, aimed at advancing children's cognitive development of the concept of light. 30 
Twenty-seven eighth-grade students, selected from a city school, took the pretest but 
were not involved in any teaching strategy to engender conceptual change. They were 
supposed to represent a good control group. Twenty eighth graders in 
Fetherstonhaugh's class in a country school took the pretest and the posttest. 
A 16-item diagnostic instrument designed by the authors was used to collect 
data on students' understanding of light and its properties and to address known student 
conceptions described in other literature. This test used multiple-choice and open-
ended questions and included part of the regular curriculum and four modules reflecting 
teaching strategies: "How does light travel?" "How do we see?" "How is light 
reflected?" and "How do lenses work?" Three experienced physics teachers were asked 
to examine the items for errors and inconsistencies, and their comments were 
incorporated into the final version of the test. 
The teaching strategy involved practical activities, teacher-directed discussion, 
and the completion of worksheets. The major difference between this teaching strategy 
and usual practices is that it focused on students' own ideas and not only the state-
determined objectives. Based on the knowledge of conceptual change, the teaching 
model included four conditions: (1) the teacher should diagnose errors in students' 
thinking; (2) the teacher should develop teaching procedures that create conflict; (3) the 
teacher should implement teaching strategies to deal with student explanations that 
differ from scientifically acceptable explanations; and (4) the teacher should develop 
evaluation techniques to track the progress of conceptual change. Incorporating the 
four conditions for conceptual change, the authors clearly described the teaching 
objectives, the students' prior conceptions, and outlines of the teaching activities in a 31 
table. This strategy helped control the teaching treatment.  Verification of the 
intervention strategy being implemented was provided by a participant observer, who 
was provided with lesson plans and who consulted with the teacher and observed the 
teaching to ascertain the integrity of the presentation.  Three years later, a delayed 
posttest, identical to the posttest, was administered to the remaining 10 students of the 
country sample, and seven students were interviewed using the same semi-structured 
protocol as before. However, only two of these seven were students who had been 
interviewed three years previously. 
All students' written work was examined, and students were asked to provide a 
formative evaluation. The observations provided opportunities to gather evidence of 
conceptual change and insights into students' conceptions, as well as validation of the 
results of the diagnostic test. The results of the pretest of the city group's and the 
country group's conceptions of light were analyzed by using an independent I test, 
which showed that there was no statistically significant difference (I = .01, 12 > .05) 
between the two mean scores. These data indicated that the country group of students 
had knowledge of light concepts comparable to those of the city group.  The 
comparison data between the two schools provided a baseline to assess the effectiveness 
of the teaching strategy proposed to address student conceptions.  The diagnostic test 
about light identified nine students' conceptions similar to those cited in other 
literature. The results indicated that, prior to formal instruction, a large portion of 
students in both groups had ideas about the fundamental properties of light that were 
inconsistent with accepted scientific explanations. 32 
A pretest, posttest, and delayed posttest were administered to the country group. 
The results of the scientifically acceptable responses changed from 6.60 (SD = 2.64) 
on the pretest to 10.50 (SD = 2.66) (I = 4.35; p < .001) on the posttest and to 13.50 
(5.11 = 1.78) (I = 3.42; p < .005) on the delayed posttest.  The authors concluded that 
the conceptual change teaching method was so successful that a great number of 
students were able to construct significantly more scientifically acceptable answers on 
the posttest than they were on the pretest.  Moreover, the authors concluded that the 
teaching strategy addressed all students, because there was no significant difference in 
the pretest data between the city and country groups.  Results from the delayed posttest 
indicated that students did not revert to their prior conceptions.  The authors concluded 
that the teaching method had a lasting effect. 
Osborne and Black (1993) performed a quantitative network analysis about 
children's conceptions of the nature of vision. The researchers designed for the 
younger age range (7-11 years old) an intervention for conceptual change about the 
concept of light and seeing. Rather than using the conflict-producing technique of 
Fetherstonhaugh and Treagust (1992), this intervention was a learning cycle related to 
the cognitive process that included experiments and activities to guide the children 
through conceptual change. Five primary schools in the Inner London area (teaching 
5- to 11-year-olds) were approached by the authors.  Schools were selected from a 
sample of children with a broad spread of abilities.  Complete data from all phases of 
the research were obtained from 64 children in six classes within the selected age 
range. For the purpose of analysis with a small age range, children in the first two 
years of junior school (aged 7-9) were classified as "lower juniors," while children in 33 
the last two years (aged 9-11) were classified as "upper juniors." After intervention, 
the increased understandings of these two different age levels were compared, showing 
the difference between younger children and older children. 
The intervention consisted of open-ended activities, providing an opportunity 
for children to explore phenomena which take place in ordinary classrooms. The three 
activities were bouncing light around a table, investigating shadows, and passing light 
through a box. All the activities normally took place in the context of a classroom. 
Children were engaged in a variety of activities simultaneously, and they were given up 
to half a morning to complete each activity. Common to all these activities was a 
requirement that children discuss and present their ideas about possible solutions prior 
to any attempt and that the successful solution be drawn and discussed with peers and 
the teacher. Data, which consisted of children's drawings and written materials, were 
collected before and after the intervention activities. 
The data were analyzed through quantitative systematic networks. The same 
researchers performed all the interviews. The results of the systematic network were 
used for classifying children's responses, which expressed their understanding of the 
nature of vision. The authors used four broad categories to quantitatively simplify the 
responses. These four categories were (1) children who provided no explanation about 
vision, (2) children who provided explanations without links, (3) children who 
provided explanations in terms of simple links, and (4) children who provided 
explanations in terms of dual links. 
Results showed a significant increase of correct responses between pre- and 
post-elicitation in the numbers of both lower juniors, from 16 to 28 (n = 31, R < .01), 34 
and upper juniors, from 24 to 33 (13, = 33, p <  .05). The number of responses using 
single links between eye and object changed from 25 out of 27 responses (pre­
intervention) to 24 out of 44 (p < .01, post-intervention). This result was 
accompanied by a significant increase in the numbers of responses from upper juniors 
which showed dual links, from 2 out of 27 to 20 out of 44 (p < .01).  Osborne and 
Black concluded that the data showed many more significant conceptual changes 
occurring for upper juniors than for lower juniors. 
Osborne and Black also concluded that children showed awareness of a wide 
variety of light sources, predominantly primary sources for 7- to 9-year-olds, and a 
more complex model incorporating recognition of secondary sources (e.g., by 
reflection or scattering) for 9- to 11-year-olds. The intervention produced little change 
in children's understanding of source. Osborne and Black concluded that the 
significant differences between the ages were possibly due to everyday experience and 
its effect on development. 
To develop the instructional approach of conceptual change on children's ideas 
about light, Asoko (1993), with her research group, worked within the Children's 
Learning in Science Research Group at the University of Leeds, United Kingdom. The 
case study focused on how the planning of a segment of teaching was transformed into 
classroom action.  It described how teachers and researchers collaborated to plan and 
teach a learning cycle with specific concept domains for specific classes, based on 
information about children's thinking about light, together with theoretical perspectives 
on conceptual development or change. The group planned activities to provide 
opportunities for students to construct elements of a theoretical model of light and to 35 
use this model in the exploration and explanation of the familiar phenomenon of 
shadows. They discussed ways to stimulate and support children's thinking, learning 
outcomes, and the crucial role of the teacher. 
Four experienced teachers of fourth-year (8- to 9-year-old) children were 
invited to take part in the study. Teachers were all exposed to teaching approaches 
based on a constructivist view of learning, while developing their own understanding of 
science. They also considered ways of working with children that took into account the 
children's existing ideas and devised and tried teaching approaches in their own 
classrooms. All the teachers volunteered and welcomed opportunities to use ideas 
about how children learn science. The four teachers, together with two researchers, 
were involved in the initial discussions about teaching. The teaching was carried out by 
one member of the group with his mixed ability class of 30 children in a city primary 
school. The teacher was interested in teaching but had no formal certification in 
science subjects. The researchers acted as additional adults in the classroom, providing 
practical support for the children but not participating directly in the teaching. The 
topic "light and shadow" was chosen, because it was felt to be a conceptually 
demanding topic for children. The teaching processes included responding to 
children's ideas, exploring the science view, and providing access to the appropriate 
language. During the initial planning meetings, all discussions were videotaped. In the 
classroom, all the teacher's interactions (whether with the whole class, groups, or 
individuals) were videotaped. In addition, researchers made observational field notes 
and audio-taped discussions with small groups of children.  Children's work was 36 
collected. A posttest was administered one week after the teaching and a delayed post-
test, nine months later. 
In the planning phase, the researchers and the four teachers considered three 
main factors: the nature of children's existing ideas about light and shadows, the nature 
of the learning goals for the topic, and the nature of the intellectual demands involved 
in developing the science view. Two stages were used in the teaching. The first stage 
was to facilitate the development of a theoretical model of the behavior of light in 
children's minds. The teacher structured activities and discussion thoughtfully to 
enable children to "see the light" in a scientific sense. The second stage of the teaching 
was to provide opportunities for children to use this theoretical model to move from 
descriptions to explanations of aspects of shadow behavior. 
The author listed the positive verbal interactions with the class to ensure the 
teaching strategy matched the designed procedures. The teacher knew how to develop 
and select activities to support the learning opportunities. Children's learning was 
evaluated using a written posttest one week after the teaching. Using the data 
collected, the author summarized that children from the class had an increased 
understanding of the behavior of light and were able to apply this concept to some 
aspects of the phenomenon of shadows. Also, the delayed posttest evaluation revealed 
that these children did better than their other classmates on the posttest on all questions 
except one. 
"Alternative Frameworks" literature provided information on some of the 
concepts children hold which are in conflict with scientific viewpoints. Yet how does it 
happen that two students holding the same science preconception emerge from an 37 
instructional sequence, specifically designed to address the preconception, each with a 
very different new idea? Shapiro (1989) conducted a case study of individual students 
learning science through conceptual change teaching to answer this question. 
Stratified sampling was used in the study. Six fifth-graders were selected, three 
boys and three girls. Two of the children were experiencing severe learning problems 
in the regular school program. Two were considered of average ability, and the other 
two were perceived to be high-achieving individuals. They were interviewed about 
their thoughts and ideas while studying a unit on light. 
Over a six-month period, the author spoke with the six children and participated 
as an observer in the classroom.  Surveys were administered, and each lesson was 
videotaped and reviewed with the children in the study group in a quiet setting in the 
school. The instruction of the class was based upon understanding students' ideas 
about the nature of light. Some of the children's misconceptions at the beginning of 
instruction were the same as those discussed in previous literature reviewed (Guesne, 
1985). For example, some children believed that no reflected light comes from the 
object to the observer. Some of the misconceptions were different. In the topic of 
light diffraction, some children believed that the water in a beaker made the light look 
broken, some believed that water bent the light rays, some believed that the water and 
the beaker made the light look bigger, and some believed that the light rays and the 
beaker made the light look broken. The qualitative analysis, without statistical 
procedures, from in-depth conversations led to the finding that differences in children's 
world views were greater than the similarities and that these differences should have a 
major impact on instruction. 38 
Shapiro concluded that each child experienced science in a different way, 
because each child had different anticipations and expectations. These different 
attitudes affected the child's learning, as did prior achievement, attitude toward the 
subject, and curiosity. The conditions for learning were also varied and individualistic. 
For example, some children had to see the light rays reflected from an object to believe 
the concept, while others were willing to accept the authority of the teacher, and others 
wanted to know what fellow students were doing and thinking. Changes in ideas about 
natural phenomena and science required consideration and anticipation of many 
interwoven factors. The emphasis in this study was on how concept and personal 
features function together in the science classroom. 
Shapiro also established a model of "Some Features of a Personal Orientation to 
Science Learning" to present some of the views and beliefs that were found to affect 
the children's conceptual change. When high status is given to students' own efforts to 
create meaning, these efforts can be made more explicit for both the teacher and the 
student, ultimately allowing students to take greater responsibility for their own actions 
and efforts to learn science. This way of moving from misconception to a scientifically 
correct conception involves, not only understanding students' prior conceptions, but 
awareness of students' personal, social, and collaborative natures while learning science 
in school. Shapiro (1989) suggested that, given the large differences among children, 
individualized instruction was the only way to insure that all children had an 
opportunity to learn. 
In order to examine whether conceptual change about light and seeing happened 
in common science classrooms and science textbooks, Eaton et al. (1984) developed a 39 
quantitative and qualitative investigation. They investigated, in detail, the relationships 
between some fifth graders' misconceptions about light, the science textbook they used, 
and their classroom instruction. Five teachers, who were within driving distance and 
who taught science regularly (unlike many elementary school teachers), were selected 
to teach about light in the Elementary Science Project. All five classes (more than 100 
students) took the pre- and posttests in this study. Only six fifth-graders from the two 
teachers' classrooms were interviewed, as they attempted to make sense of their 
textbook and classroom instruction on light and seeing. Two of the five teachers, 
singled out simply for illustrative purposes, used the text they normally used, Laid law 
Brothers' Exploring Science. Their difficulties were common to all of the teachers the 
authors observed. The students, three from each selected teacher's class, were also 
chosen simply for illustrative purposes; their responses were similar to those of their 
classmates. 
Observations and audio recordings were used when the two teachers taught 
lessons in the unit on light. Observations included noise level, teacher and student 
activities and comments, and teacher and student location. Observations were recorded 
on a standardized form developed for this purpose. Before the light-and-seeing unit 
was taught, the students took a pretest.  After the unit, they took the same test again. 
The test, which was devised by members of the Elementary Science Project team, 
included 43 short-answer and multiple-choice questions. The test data from the six 
sample students served as the basic source of information about the students' 
conceptions of light and seeing before and after the unit was taught. 40 
Results from all five classes showed that only 3 of 102 students mentioned 
reflection or bouncing light in their explanation of seeing in the pretest. Only 5 of 102 
students drew arrows from the object to the observer to illustrate the reason for seeing. 
The pretest of the six sample students appeared to show that we see because light shines 
on things and brightens them; the students did not realize that we see because the light 
shining on objects is reflected off them to our eyes. After the students had studied the 
unit on light, about 30% of 113 students mentioned bouncing or reflected light in 
questions about seeing; about 24% drew arrows from the object to the observer. In 
fact, the 1 test may have shown improvement of conceptual change after instruction. 
The answers of five of the six students, after intuitive qualitative analysis, revealed 
little change in their ideas about how we see. Only one student seemed to understand 
the essence of the scientific conception, although she was still confused about the 
distinction between light and image. 
Another posttest question asked the students to tell what would happen to light 
after it hit a piece of white wood, an opaque object. Four of the six sample students 
knew that light did not go through wood, but they did not know that the wood would 
reflect light, demonstrating the difficulty most of the students had understanding and 
believing that opaque objects reflect light to our eyes. 
In order to identify the reason that the students had difficulty changing their 
misconceptions, the authors developed teaching materials to help these two teachers 
identify and address students' misconceptions one year later. With the use of the new 
materials and teaching methods, student understanding of the role of reflected light in 41 
seeing improved dramatically. By the unit's end, 88% of the students in one class and 
71% of the students in the other class understood the role of reflected light in seeing. 
The researchers concluded that the reason students had difficulty changing their 
misconceptions was not because fifth graders are incapable of understanding these 
concepts, nor because the teachers were incapable of teaching them. The students were 
not inattentive, either. The authors recorded the number of students on task and off 
task every 10 minutes during lessons. Compared with students in another study using 
similar observation procedures (Anderson, 1983), the on-task behavior rates were 
average and above. The authors believed the students had difficulty changing their 
conceptions about light because neither their text nor their teacher adequately dealt with 
their conceptions. Eaton et al. suggested that it is important to develop a teacher's 
manual to alert teachers to their students' probable misconceptions and to suggest 
strategies for identifying and dealing with them. 
With emphasis on the technique of small groups and children's communication, 
Brickhouse (1994) examined children's ideas of light and described how discussions 
between children influence cognitive process learning in school and outside of school. 
Data were collected qualitatively from three primary classes for convenience. All the 
students in these three classes were learning about light and shadows in the Curriculum 
Development Lab for nearly an hour per day for two weeks. Only one class was 
chosen for detailed analysis, because the data from this group were unusually rich with 
instances of strong consensus among the children regarding what they saw and what it 
meant. Furthermore, children in this class were asked to make observations at home, 
which illuminated another aspect of the relationship between the children's developing 42 
ideas and their observations. The class in the study consisted of approximately 30 third 
graders (8-9 years old) of mixed ability, race, and gender. 
Extensive data were collected in the class--videotapes and field notes of each 
session, videotapes or audiotapes of small groups of children, and individual interviews 
of 15 of the 30 children. The videotapes were viewed at least twice, with detailed 
notes taken. When children reported or explained observations, the videotape was 
transcribed verbatim. Following the transcription of videotapes, the data were initially 
analyzed by looking for patterns in the ability of the children to explain the behavior of 
light and shadows during classroom discussions. The classroom data were then 
analyzed in three strands: (1) children's observations and ideas about light; (2) 
children's observations and ideas about shadows; and (3) children's observations of 
light and shadows at home. 
The intervention included three distinct phases. The first phase served to 
introduce the topic, elicit the children's ideas about it, and give directions for the small 
group investigations. The second phase consisted of small group investigations of light 
and shadows. The children worked in groups of three or four (of mixed race, sex, and 
ability), to conduct the investigation previously explained to them and to record their 
findings in their science journals. The final phase consisted of a whole class discussion 
of what the children had found in their investigations. 
Children in the study observed shadows to construct models of the movement of 
light. The children, under the teacher's guidance, formed three models in the study: 
(1) light travels straight, like in a tunnel, (2) light spreads out as it travels, and (3) light 
breaks apart as it travels. 43 
In order to examine whether the students had changed their conceptions about 
light, the teacher asked them to continue observations at home and then discussed the 
observations in class. Unfortunately, the intuitive idea of reflection was still used by 
most children to explain what they had seen at home. Students held the preconception 
that dim light does not travel. After eight days of activities out of school, students still 
retained the same intuitive conceptions and misconceptions. Some out-of-school 
observations contributed to the developing model of shadow, and children attempted to 
use their personal experience to explain shadows. For example, children could explain 
the shadow formation by a mailbox. However, children brought more complicated 
problems, which caused the data on the learning topic to become more ambiguous and 
unpredictable, and the variables of the group discussions were not well controlled. 
Brickhouse concluded that bringing in out-of-school observations did not clarify 
scientific ideas. A great gap existed between classroom science and everyday 
knowledge. If teachers bring everyday experiences into formal science learning, they 
should anticipate that this strategy will increase ambiguity and unpredictability. 
Another conclusion is that the conceptual level affected the effectiveness of the group 
discussion. Group discussion is effective with simpler ideas. For example, in group 
discussions about observations of light, the children had specific ideas about light that 
they could explore. Unfortunately, no one ever publicly offered a specific idea about 
shadows that could be used to guide the children's investigations. 
Related to group cooperative learning, Segal's study (1994) was concerned 
with the conceptual change of children's ideas of shadow formation. One of Segal's 
two major purposes were (1) to create a learning environment assisting children to 44 
articulate and question their views about certain central ideas before their ideas become 
inflexible and (2) to design a learning environment which is inclusive, social, 
motivating, puzzling, and pleasurable, so that it supports children as they move toward 
full participation in that environment. Segal designed a learning environment which 
allowed three principles: learning is to take place in cooperative groups, learning is to 
be by informal inquiry, and learning is to be located in a familiar and inclusive context 
(shadows). There were seven half-hour sessions over a four-week period. 
Children observed in this report were mainly of Australian or European 
background, with few children of language background other than English. The author 
taught a second- and third-year volunteer class (Year 2: 111= 19, ages 7-8; Year 3: 
N=8, ages 8-9). The class was arranged into nine groups, with three children in each 
group. The arrangement of the groups considered social relationships and was mainly 
based on existing friendships or perceived compatibility. Data were collected from 
field notes on the classroom prior to the research; audio and video recordings during 
the class; children's written records of ideas and drawings, which were formulated 
individually and collaboratively; and field notes of conversations with the school 
principal, two parent helpers, the classroom teacher, and other researchers who viewed 
some of the videotapes. One week after the lessons, conversational interviews ranging 
from 15 to 25 minutes in length were conducted with each group of children about their 
experiences during their lessons and about their views on shadow formation. 
After interviewing the children about prior ideas of shadows, the majority of 
Year 2, and some Year 3, children stated some combination of the following (p. 14): 
"the shadow was something produced by the object itself, that it could reside in the 45 
object, came out when a person walks, was made by a person at night, but was not seen 
because it was night." An idea similar to the other research findings was "shadow's 
shape resembled the object, thought of it as being a substance, reified it, and attributed 
a vague role to the sun shining in its formation" (p. 14). Some children thought that 
"light drives the shadow from the object or that the shadow is attracted by darkness and 
repelled by light" (p. 14). One child (Year 2) said that a shadow is like a mirror 
image. Another child (Year 3) had a scientific explanation: "If you're standing on a 
sunny day, it's like the sun is going down creating all the brightness and then your 
body blocks it off and creates a dark patch where the sun has been blocked off and 
since your body is blocking it, it forms the shape of yourself" (p. 15). Segal asked 
how he had arrived at his view. This child replied that he had not read about shadows, 
nor had his parents told him; this idea was just what he thought. 
Segal found that most children moved willingly and enthusiastically toward full 
participation as inquiring learners in their cooperative groups and that the group held 
advantages for conceptual change. For example, one boy did not hold a scientific view 
early on, but after the group conversation, he completely rejected the idea that there 
could be a shadow in the dark. Segal considered this result was a significant finding in 
the context of young children's education, especially because the class was 
inexperienced in this type of activity. The author traced the learning of children as 
they identified prior views about shadows in small groups, listened to each others' 
views, and modified their own views after engaging in activities. The author concluded 
that this learning was accomplished without didactic teaching, without purposefully 
transmitting information to small groups, and without rewards or assessment structures. 46 
Segal felt that the absence of expectations of extrinsic reward may be a key construct of 
this learning environment. 
Considering conceptual change about light and shadow concepts, Wier (1992) 
constructed targets of scientific knowledge for teaching, after probing children's 
conceptions about light and shadow. This work was a case study but also used 
quantitative description. The paper examined the thinking of three students at the 
beginning of the study and their participation in the lessons, asking them to consider 
what helped or hindered them in successfully constructing scientific conceptions about 
certain light and shadow concepts. Three children selected for this study included one 
whose ideas before the unit were close to scientific concepts covered in the unit but 
which had not been integrated well enough to apply the concepts in all situations; one 
who tentatively held some scientific concepts but had alternative conceptions about 
other concepts; and another who held alternative concepts about most of the concepts 
before the unit. All three children studied were Caucasian and were selected from 
stratified two-parent families, ranging in socio-economic status from middle class to 
low-middle to low. 
Like the work of (Brickhouse, 1994), this study was conducted within the 
context of the Curriculum Development Lab (CDL). A third grade teacher with 
experience in the CDL program developed and taught a unit in her own classroom, 
coached by a university science educator. Data collection during the unit followed each 
class session. First, a random sample of 14 children (about half of the class of 30), 
stratified by gender and ability (high, medium, and low, according to teacher rating) 
were clinically interviewed. Randomized sampling for interviewing was used to 47 
identify conceptions for the teaching targets. Based on the 14 children's responses on 
the interview, the classroom teacher and coach collaborated on the development of 
lessons to target children's misconceptions and help the children construct the scientific 
conceptions of light, which are as follows (p. 3): 
1.  Light travels in straight lines in all directions from the source. 
2.  Shadows are places where light has been prevented from traveling (by 
being absorbed, reflected, or refracted). 
The teacher implemented the lessons over 13 days, while being videotaped. At 
the conclusion of the unit, the children were interviewed once again. The progress of 
the three children was followed through an examination of the pre- and post-interview 
responses, a study of the classroom videotapes, and a discussion with the classroom 
teacher about her perceptions of the children's ability levels and methods of operation 
in the classroom. The children's misunderstandings about shadows were elicited by the 
teacher before the group discussion. Approximately two thirds of the 14 students were 
at least partially confused about whether shadows were reflections. Over half (8 out of 
14) of the children responded that shadows were present in the dark of night or could 
be inside one's body, indicating they thought shadows were permanent "things." About 
two thirds of the children understood the correspondence of light, object, and shadow 
in simple situations. However, half of these children had some difficulty predicting the 
right location of the shadow when an object was placed close to a light source. For 
example, when a doll was standing with its side toward the light, they predicted the 
shadow would appear behind the doll; or, when shown a doll doing a "flip" (placed 
horizontally) in front of a light, they predicted that the shadow would appear on the 48 
floor under the doll. When the children were asked how light traveled, they used 
terminology like "light is going/hitting/flashing on the doll" (p. 3). Although one third 
of these children used "spreading" to describe the traveling of light, only one of these 
14 children predicted how to make the shadow bigger. However, this child's 
explanation was: "It's more light so the shadow will be bigger" (p. 3). This 
explanation indicated that none of the 14 children understood the concept of divergence 
of traveling light. After the teacher and the coach had identified the children's 
misconceptions of light traveling and shadow formation, they targeted the 
misunderstandings to design the unit lessons for children to reconstruct their ideas of 
light. 
One of the three children had sophisticated ideas about shadows and light. In the 
interview before the unit lessons, he had a fairly clear idea of how shadows were made, 
where they would be, and what they look like. He talked about light being "blocked," 
and light "going" and "spreading." However, he did not know how to change the sizes 
of the shadows by moving the lamp closer to and further from the screen. He thought 
that the sizes of the shadows could be made larger by using the larger bulb. In other 
words, he did not have the concept of the relationship between light spreading and the 
sizes of the shadows. In the post interview, his responses indicated increased 
understanding of the dynamic interaction of light, object, and surface. For example, in 
describing how a shadow was formed, he explained, "The rest of the light goes back to 
the screen" (p. 5). In addition, his concept of diverging light was now linked to an 
understanding of how the diameter of light on a screen could be increased by moving 
the source back, thus giving the light "more time to spread" (p. 5). He was also able 49 
to use his knowledge of light diverging from a source to explain size changes in 
shadows. He directed, "move the doll closer to the light, so it's blocking more beams 
and making the shadow bigger" (p. 5). 
Another of the three children had a tenuous grasp on the concept of 
correspondence among light, objects, and shadows before the unit lessons. She knew 
that light was blocked in the formation of a shadow. However, she also thought 
shadows might be there in the dark. She explained, "A shadow is there when you need 
it" (p. 5). She also reasoned, "A shadow is probably just there inside you and just 
shows in the daytime" (p. 5). She predicted the correct locations of the shadows, but 
she thought a shadow is caused by the reflection of light. She used "spreading" to 
describe the light traveling, but she failed to apply this concept to predict how to 
change the sizes of the shadows. In the post interview, her responses indicated 
progress in certain areas, especially in those addressed directly in lessons; that is, how 
reflections and shadows are different and how spreading light can account for changes 
in shadow sizes. She described the difference between reflections and shadows, 
explaining "a shadow is not a reflection, but they have some basic things like the shape 
of the object. However, shadows have no color or details" (p. 5). She also explained 
the relationship between light, object, and shadow well in most instances; for example, 
"the object blocks the light" (p. 5). However, other responses indicated that she had 
not yet developed a completely coherent theory of shadow formation. She was still 
trying to make sense out of the fragments of her knowledge about light and shadows. 
She still felt that the shadow might be "inside your body" (p. 5) but could not explain 
the reason. Interestingly, she also thought that the doll doing the "flip" would have a 50 
shadow on the floor because "a shadow couldn't travel in the air." She explained that 
the object's shadow could be made larger by moving it closer to the light to "block 
more rays" (p. 5). 
The third child held many misconceptions before the unit lessons. She thought 
that shadows both were reflections and were inside objects. She lacked a clear 
understanding of the correspondence of light, object, and shadow. Although she 
indicated that, in some instances the light needed to "face" the object to make a 
shadow, she did not think there would be a shadow if the doll was standing sideways. 
If the doll was horizontal in front of the light, she thought the shadow would be on the 
floor below her. She reasoned, "When you lay upside down, your shadow is 
underneath you" (p. 7). She had no concept of light spreading or how to change 
shadow size. She believed that the only way a shadow could be made larger was for 
the object to "stand on something." On the post interview, this child's response 
showed that she made only minor gains during the unit lessons. She described 
differences between a shadow and a reflection in a mirror, but she still thought that a 
shadow was a reflection. Further, she believed the "sun pushes or pulls a shadow out 
of you" (p. 7). She had a few gains in her predictions of the relationship between light, 
object, and shadow, but she did not have complete and accurate explanations. For 
example, she understood that the doll could have a shadow if placed sideways in front 
of the light, but she thought the shadow would be behind her, because "the light goes 
there, and it makes the shadow behind her" (p. 7). She still had the "tunnel theory" of 
light; that is, she had no concept of light spreading. She still could not make the 
shadow bigger. Apparently, these three children, who held different preconceptions 51 
before instruction, made different progress during the unit lessons. Wier examined the 
class observations, videotapes, and teacher conversations in order to find another 
explanation for differences in three children's progress in the same instruction. The 
first child was described by his teacher as a high ability, intensely curious, and attentive 
student. The teacher described the student as "challenging the challenges and always 
provides reasonable explanations for his challenges" (p. 8). In the researcher's 
observation, the first child was a mini-whirlwind gathering intensity over the unit, 
because the activities and concepts captured his interest. He participated in all the 
activities during the group discussion. Although now and then he whirled out of the set 
path for the day, he did not cause problems in the classroom. He just kept on the 
move. 
The second child was a conscientious but cautious girl. She was described as 
"high ability" and "sensitive" by her teacher. She did not want to put herself in a 
situation in which she would be embarrassed by asking a question or giving an answer 
which was "stupid." She did not want to do something "bad." Her teacher thought 
that this child might have felt the pressure of high expectations set for her, possibly by 
her family. She worked cooperatively with the group, was often seen helping others, 
and shared equipment and findings with the small group. She almost understood the 
concepts of light traveling and shadow formation. However, in some situations, she 
still clung to the idea that a shadow might be "a thing. " This misconception has been 
found to be resistant to change. Wier concluded that the activities of the unit lessons 
were not set up to give this child a chance to try out situations to construct her own 
understanding of these concepts and integrate them with her preconceptions. Further, 52 
her hesitancy to ask questions did not give her a chance to integrate scientific concepts 
accurately with her own. 
The third student was described by her teacher as a quiet, painfully shy child 
who was in the "low ability" group. Her teacher felt that she probably lived in a home 
lacking any type of academic stimulation. This child was absent three days during the 
unit. When she was present, she never participated in class discussion. In fact, she 
rarely looked attentive. The teacher rarely called on her, but when the teacher did, the 
child did not respond. She said nothing during the small group discussion and always 
watched others work, sometimes daydreaming or writing on her shoe.  It is easy to see 
how the child had difficulty constructing meaning from these lessons. She began the 
unit with poorly constructed concepts of light and shadows and was either absent or 
generally inattentive during the unit. Her teacher said that this child was easily 
overlooked in a classroom complicated by the confusion of small groups working in a 
crowded room. The child would work individually to the best of her ability but rarely 
participated actively in group or class activities. 
Wier concluded that children not only bring preconceptions with them to the 
lessons but also their predispositions for science and for learning in general. The 
author also suggested that teachers trying to master the intricacies of conceptual change 
lessons need to bring with them a variety of skills and knowledge. 53 
Summary 
Most of the research suggested that children were rarely aware of the nature of 
light. Several types of children's misconceptions about the nature of light, shadows, 
and light and seeing has been identified and categorized in the literature as follows: 
Nature of Light 
1. Light equates to its source. Children 10-11 years of age did not recognize sun 
light as an "entity in space" (Guesne, 1985). Children often gave the answers, "light is 
in the bulb," "light makes seeing," or "light is electric light." Segal's research (1994) 
also found that 7- to 9-year-old children considered light a source or effect, not an 
entity in space. 
2. Light does not move in space. Guesne (1985) concluded that children were 
aware of light propagation from the sun or long distances, but they were sure that it 
takes no time to travel a short distance. Fetherstonhaugh and Treagust (1992) used 
multiple-choice and open-ended questions to diagnose students' understandings of light 
and its properties. Most children also thought that light does not travel at all, or light 
does not travel during the night. Brickhouse (1994) found that children believed that 
"dim light does not travel, but strong light can go further" (p. 649). 
3. Holistic entity. Rice and Feher (1987) elicited and analyzed children's 
predictions and explanations of the formation of images through pinholes by use of 
extended light sources. Children said that the light itself gets smaller, goes through the 
hole, and comes out the other side; or light goes through the hole and comes out the 54 
same as it started, and the shape of the hole does not matter. In other words, most 
children thought the hole played a passive role and light an active one. Moreover, 
when half of the pinhole was covered, children predicted that a "T" would be the image 
resulting from a cross-shaped light source and explained that the masking prevents the 
top of the cross from coming through or "fitting" through the hole. Rice and Feher 
(1987) found the "squeeze" model of light, too. Conceptions of the active hole and the 
passive light also existed in a few students' minds. Those students drew diagonal-line 
diagrams or smaller light going through the hole. In summary, the composite view 
afforded by children's diagrams, predictions, and explanations is that light from the 
source travels as a whole and preferentially in the direction of the holes or the screen. 
They concluded children thought light is a "holistic entity," not isotropic emission. 
4. Tunnel model. Brickhouse (1994) examined third graders' views of the 
behavior of light through instruction based on children's alternative conceptions about 
light and by conceptual change views of learning. Students predicted and observed the 
sizes of flashlight beams on the screen at different distances from the light. Most of the 
children used the model that light travels straight, like in a tunnel. Few students 
thought that light rays move apart as they travel. In Rice and Feher's research (1987), 
investigation on light propagation also revealed that most children drew parallel lines 
going from the source through the hole and onto the screen, forming an image the same 
size as the hole. These two research projects, with two different experimental 
instruments, found the same misconception about the model of light traveling. 55 
shadows 
Investigation of children's misconceptions about the formation of shadows, 
yielded four interesting results. 
1. A shadow is a "reflection." While children answered questions about 
shadows, either by describing how a shadow is formed or by describing the shadow 
itself, most children have the conception that a shadow is a reflection. The misused 
term, "reflection," was commonly found by Guesne (1985), Feher and Rice (1986, 
1988), Wier (1992), and Asoko (1993). The use of the terms "reflection" and "reflect" 
is of interest, since it shows an inappropriate use of scientific terms that can be 
deceiving. When the children called a shadow a "reflection," there was no evidence or 
implication that they thought its formation has anything to do with the reflection of 
light nor with the idea of "image" or "picture." 
2. Reified shadow. "Reified shadow" is a common model of shadow in 
children's thinking. Children holding this model spoke of the shadow as if it were the 
presence of something that has material characteristics. This model can be found in 
Piaget's pioneering work on children's conceptions of shadows (Piaget, 1929). Piaget 
found that children 5 to 9 years of age thought of a shadow as "a substance that 
emanates from the objects themselves." 
Children who had the conception of "reified shadow" always said that shadows 
exist in the dark. Wier (1992), Asoko (1993), and Segal (1994) found some 6- to 11­
year -olds had the idea that a shadow is still present in the dark. To those children who 
held the misconception, it was perfectly logical that a shadow could still be there in the 56 
dark, unseen, because light was needed to see the shadow. Feher and Rice (1986, 
1988) concluded that most of these notions can be traced to common language and 
experiences. 
3. The trigger model. Guesne (1985) and Feher and Rice (1988) found that for 
the majority of the children, light played a dual role--a dynamic one, causing the object 
to produce or cast a shadow, and a passive role, enabling us to see the shadow. This 
notion of shadow is a "quasi-material" model. Feher and Rice (1988) called this 
thinking a "trigger model." It is similar to Piaget's finding that 8- to  9-year-old 
children thought light produced shadows. In order to understand whether children 
believed that the shadow of an object is related to the object or the light, Feher and 
Rice (1992) used a cross-shaped light and a bead for the instrument. Most children did 
not believe that the shape of the bead's shadow was a cross. 
Additionally, many children think the color of the light source causes the color 
of the shadow. Children did not believe that two shadows existed in an experiment that 
included two light sources and one bead. Feher and Rice (1992) pointed out that the 
Y-shaped diagram of two light sources with one shadow only illustrated that in 
children's minds, there is a one-to-one correspondence between shadow and object. 
4. Shadow is darker light. Guesne (1985) found that children aged 10-11 years 
old confused light with its effect, because they said that the shadow (effect) is a "darker 
light." This conception is related to light source. It is only found in Guesne's study 
(1985). 57 
Light and Seeing 
1. Reflected light is not necessary for seeing. Eaton et al. (1984), Guesne 
(1985), Fetherstonhaugh and Treagust (1992), and Osborne and Black (1993) all shared 
an important finding regarding children's conception about light and vision. Many 
children held the conception that an object has nothing to do with the eye in seeing. 
They believed that light plays a more precise role: it lights up the object. A bath of 
light lies between the source, the object, and the eyes, without any mechanism. While 
Shapiro's finding (1989) emphasized the individual differences between children's 
knowing processes, children in his study still did not speak of light reflected from an 
object.  It seems hard to find children who hold the scientifically accepted notion that 
light rays are reflected from objects into our eyes, thereby enabling us to see them. 
The most important reason is that most children believed that reflected light comes 
from a mirror only, and an opaque object cannot reflect light. In other words, children 
commonly held the misconception that only a luminous body can radiate light, and an 
illuminated object cannot illuminate other objects. 
2. The eye is an active agent. Some children imagine "seeing" as a light 
moving from the eye to the object (Guesne, 1985). Children also said that people can 
see by looking at an object, people can see in the dark, or cats can see in the dark 
(Fetherstonhaugh et al., 1992). This conception revealed that the eye is not a receptor 
but is, on the contrary, an active agent. When Osborne and Black (1993) qualitatively 
analyzed drawings of seeing, they also found that most children drew the ray direction 58 
from the eye to the object. Younger children (aged 7-9) still held these ideas strongly 
after intervention. 
All the instructional approaches in the literature based on children's 
preconceptions for conceptual change had a common phase; that is, to probe children's 
preconceptions prior to the teaching intervention. However, in the second phase, 
several different effective strategies (learning cycle, analogy, conflict-producing, and 
group discussion) were found in the research. 
Building a Learning Cycle for Assimilation 
One approach to deal with students' misconceptions calls for building upon 
scientific ideas which match the students' existing intuitive knowledge. Even though 
teachers cannot cause learning to occur, they can facilitate the process of conceptual 
knowledge development and provide the students with a learning cycle. To do so, they 
must be aware of the conceptions their students have and they must state the 
conceptions, as well as some of the reasons students give for their conceptions. 
Planning and executing instruction are the responsibilities of the teacher. The teacher 
must create an appropriate classroom environment and plan activities for conceptual 
change instruction. Eaton et al. (1984) and Asoko (1993) both had an experimental 
class with instruction emphasizing that everything the students were taught was either 
consistent with their misconception or disconnected from the irrelevant one. They 
provided a theoretical model for students and opportunities to use the ideas to 
consolidate, refine, and understand them. Both of these studies had a significant 59 
comment about strategy. Shapiro (1989) had the same design for conceptual change 
teaching, but there was a comment on different perspectives, suggesting that individual 
instruction is the only way to accomplish conceptual change. Segal (1994) had a 
significant finding after he designed a learning environment which included small group 
learning, experiment settings, and conversation between teachers and students without 
any rewards for the students. 
Conflict-Producing for Accommodation 
According to Piaget (1970), a relationship of conflict or discrepancy between 
two cognitive entities leads to cognitive development. This idea has stimulated a 
considerable amount of research on the effect of teaching by conflict for cognitive 
development. There are two types of teaching by conflict. In one, a conflict is 
produced between a child's cognitive structure related to a certain physical reality and 
the actual physical reality (e.g., prediction-outcome conflict), and, in the second one, a 
conflict is produced between two cognitive structures related to the same reality. 
Conceptual change teaching challenges students to modify, extend, or exchange their 
alternative conceptions for the appropriate scientific conceptions. A teacher may begin 
by asking students to share what they already know on a given topic. Then, with the 
teacher's guiding instruction, children become aware of conflicts between their own 
conceptions and what they observe firsthand or hear from their peers. At that point, 
the teacher can lead students to appreciate the power of scientists' theories to explain 
natural events. Conflict training procedures have been found effective in inducing 60 
cognitive development, especially for children in transition states between two 
cognitive structures. Strauss (1972) has suggested a technique of producing 
contradictory judgments about a task in order to generate conflict with subsequent 
cognitive development. In another study, Fetherstonhaugh and Treagust (1992) 
successfully used this strategy for conceptual change about the topic of light and seeing. 
The designed teaching processes included diagnoses of students' thinking, procedures to 
create conflict, and teaching strategies. For example, if students predicted that the eye 
can see in the dark, the conflict might appear after the teacher took them into a dark 
MOM. 
Using Analogies for Conceptual Change 
One aspect of the constructivist view of learning is that individuals build new 
knowledge upon the foundation of concepts they already know. Asoko (1993) 
successfully overcame students' misconceptions about shadow formation by use of 
analogical thinking to link observed phenomena with the theoretical model. In Asoko's 
research, the teacher used analogies, such as jam on bread, representing light rays by 
spreading fingers. Diagnostic tests identified students' anchoring concepts that are in 
rough agreement with accepted theoretical models. The lessons were designed to 
convince students that a target (misunderstood) example was analogous to an anchoring 
example with the opposite answer. Therefore, their original belief about the target 
example needed to be changed.  It seems that analogy is a powerful and common tool 
for generating an understanding of unknown or misunderstood situations. 61 
Group Learning for Conceptual Change 
Recent experiments have implemented conceptual change strategies in regular 
classroom settings with typical teachers; however, they have had limited success. A 
high proportion of students retain their misconceptions, and recommended teaching 
strategies are difficult for many teachers to manage (Anderson & Smith, 1983; Roth, 
1987; Neale, Smith & Wier, 1987). 
The small cooperative group, as described by Slavin (1983), is an instructional 
environment in which individual and group incentives are used to promote student 
engagement in tasks structured to increase helping behaviors among group members. 
Studies employing this strategy have consistently found a positive effect on student 
achievement (Slavin, 1984). Analysis of student verbal interactions within small 
groups (Webb, 1982, 1983) found that the "sharing of explanations" was a variable 
positively related to achievement. Neither Webb's nor Slavin's work focused on 
conceptual change in science, but several aspects of group work would appear to 
support conceptual change efforts. Fisher and Lipson (1985) suggested that, if concept 
learning requires students to give up previously held concepts, then an atmosphere must 
prevail in which students feel free to express their ideas. The absence of the teacher as 
authority figure in small group settings provides opportunity for individuals to express 
their misgivings, relate their experiences, explain, debate, and clarify their thinking 
through peer verbal interaction. 
Brickhouse (1994) had a different finding in her study. The comparatively low 
degree of teacher direction could only partially explain the relatively high degree of 62 
dissension about shadow phenomena. For example, the group discussion was effective 
on the discussion of light but not effective for shadow. If no specific idea was offered 
by the students, then the discussion was umneaningful and ineffective. Segal (1994) 
had a significant finding about small group learning. He felt students listened to each 
others' views and modified their own views during the peer group learning. 63 
Chapter M
 
Design and Methodology
 
Introduction 
The objectives of this study were to develop an effective approach to promoting 
conceptual change about light propagation at the elementary level and to compare its 
effectiveness with the traditional teaching approach. One unit of a current Taiwanese 
elementary science curriculum on pinhole images was revised to incorporate the 
conceptual change model, based on children's misconceptions. The goal of this unit 
was for children to understand straight light propagation through using pinhole images. 
The revised teaching materials, referred to as conceptual change materials (CCM), 
were based on the conceptual change model illustrated in Figure 2; that is, students' 
prior knowledge was used in the teaching of science to promote conceptual change. 
The current teaching materials of the science unit on pinhole images were called non-
CCM. 
In order to determine the effectiveness of the CCM, two intact classes of fourth-
grade students were taught using the non-CCM (control group), and two intact classes 
of fourth-grade students were taught using the CCM (experimental group). There were 
several steps in this study. First, an instrument for understanding children's concepts 
about light was validated through a pilot test and educators' examination. The CCM 
were also validated through pilot teaching and educators' examination. The instrument 
for determining children's conceptual change about light propagation included three 64 
categories: Category I referred to the light image through windows, Category II 
referred to the light image through pinholes, and Category III referred to light anti-
image, or shadows. 
The second step was the teaching intervention. The integrity of the non-CCM 
and CCM teaching was ensured through a workshop and observations. Both teachers 
were observed by the researcher and one science educator during the pilot teaching and 
the regular teaching. 
The third step in this study was implementation of the posttest immediately 
following teaching intervention. Two weeks later, a posttest was administered to the 
non-CCM and the CCM groups to determine the stability of children's ideas about light 
propagation. In addition to the paper-and-pencil test, 12 students selected with 
stratification were interviewed. This interview clarified children's responses on the 
written test and helped reveal how children reached their responses. 
This study used a quasi-experimental design with nonequivalent groups. This 
research method, combining the paper-and-pencil test with an in-depth interview for 
purposely selected subjects, has been identified as an effective approach for probing 
children's understanding in large classes in Taiwan (Chiu & Wong, 1994; Guo, 1993). 
Consequently, the results of the study answered the following questions (each of which 
is followed by specifically stated null and alternative hypotheses): 65 
1.  Is there change in conceptions about light propagation in the control and 
experimental groups after teaching interventions? 
H01: There is no significant change in conceptions about light propagation in the
 
control and experimental groups after teaching interventions.
 
Hu: There is significant change in conceptions about light propagation in the
 
control and experimental groups after teaching interventions.
 
2.	  Is there a difference in the change in conceptions about light propagation 
between the control group and the experimental group after teaching 
interventions? 
H02: There is no significant difference in the change in conceptions about light 
propagation between the control group and the experimental group after 
teaching interventions. 
Hu: There is a significant difference in the change in conceptions about light 
propagation between the control group and the experimental group after 
teaching interventions. 
3.	  Is there a difference in the change in conceptions in Category I between the 
control group and the experimental group after teaching interventions? 
H03: There is no significant difference in the change in conceptions in Category 
I between the control group and the experimental group after teaching 
interventions. 
H13: There is a significant difference in the change in conceptions in Category I 
between the control group and the experimental group after teaching 
interventions. 66 
4.  Is there a difference in the change in conceptions in Category II between the 
control group and the experimental group after teaching interventions? 
I-104: There is no significant difference in the change in conceptions in Category 
II between the control group and the experimental group after teaching 
interventions. 
H14: There is a significant difference in the change in conceptions in Category II 
between the control group and the experimental group after teaching 
interventions. 
5.	  Is there a difference in the change in conceptions in Category III between the 
control group and the experimental group after teaching interventions? 
1-105: There is no significant difference in the change in conceptions in Category 
III between the control group and the experimental group after teaching 
interventions. 
H15: There is a significant difference in the change in conceptions in Category 
III between the control group and the experimental group after teaching 
interventions. 
Subjects 
Two teachers and 194 fourth graders in four intact fourth-grade classrooms 
participated in this study. Two of the four classes were randomly selected as the 
experimental group by the researcher, and the other two served as the control group. 
There were 97 students in each group. 67 
These four classes of fourth graders were from a large elementary school, 
located in a large urban school district in southwestern Taiwan.  All the elementary 
students in Taiwan are taught science curriculum three sessions each week, 40 minutes 
each session, in first and second grades and four sessions each week in the upper 
grades. There were 58 classes of first through sixth graders and 87 teachers in the 
school. There were 48 to 55 students in each class. The subjects were in four of the 
ten classes comprising fourth grade. The four classes were considered by the two 
teachers to have almost the same prior achievement at grade level, ethnicity, and 
housing quality. The average math achievement at midterm the previous semester 
revealed no significant difference between the four classes (E(3191)= 2.0, 12 >  .05). 
Each of the two teachers taught one experimental class and one control class. 
Students in this school receive instruction from the same science teacher for two 
consecutive years, and the classes in the study were all in their second year with these 
two teachers. There were 49 students (24 male and 25 female) in one of the 
experimental classes and 48 students (23 male and 25 female) in the other experimental 
class. There were 48 students (22 male and 26 female) in one of the control classes 
and 49 students (27 male and 22 female) in the other control class. The average age of 
the fourth graders in the experimental group was 9 years 8.5 months, and the range was 
from 8 years 10 months to 11 years 4 months. The average age in the control group 
was nine years 10 months, and the range was from 8 years 9 months to 11 years 3 
months. 68 
The two teachers verified that all the students participating in the study were 
within the normal ranges of ability for fourth graders. None were exceptionally 
deficient in basic skills (special students were placed in special classes in this school). 
According to the average achievements in Chinese reading and writing in these four 
classes at the midterm previous to the study (4191) = 2.5, p > 0.05), no significant 
difference existed. 
Fourth graders were chosen because the properties of light propagation are 
regularly taught at this level. The subjects in the experimental classes were exposed to 
the CCM. The control classes were exposed to the current popular elementary science 
textbook (non-CCM) in Taiwan. Currently, all the elementary schools in Taiwan use 
the same textbook, which was written in 1975. The two teachers taught a science unit 
on pinhole images, using two different teaching approaches, the CCM to one class and 
the non-CCM to the other. 
The two male teachers, who graduated from elementary teacher college, 
volunteered for this study. One had 20 years of teaching experience, including 8 years 
of science teaching, and the other had 15 years of teaching experience, including 5 
years of science teaching. They taught 12 sessions of science each week. They were 
also responsible for some administrative work in the elementary school. These two 
teachers used the same science textbooks and guide. During the science teaching, they 
attended the same workshops for the current elementary science curriculum. They both 
taught three classes of fourth grade science. 69 
Teaching Materials 
The objectives of teaching about light in Taiwan elementary education are 
similar to those of other countries. By the end of elementary school, educators expect 
students to have a good conceptual understanding of light propagation. Shadows, 
sunlight, and refraction are related concepts about light properties that had all been 
taught before the fourth year in the Taiwan elementary school. The current popular 
science curriculum unit on pinholes was revised, based on the children's 
preconceptions. The unit was included in the current science textbook, because 
educators and scientists in Taiwan expect students to learn about light's straight 
properties from this topic. The unit is commonly arranged in fourth-grade science 
curriculum in Taiwan. 
The pinhole unit used to teach the experimental group was designed with the 
same objectives as the unit used for the control group. Five sessions were arranged in 
the unit, with 40 minutes each session. The objectives of the unit were stated in the 
teacher's guide as the following: 
1.	  The students should be able to understand the upside-down image 
on the screen. 
2.	  The students should be able to explain the relationship between 
the sizes of pinhole images and the sizes of pinholes. 
3.	  The students should be able to explain the relationship between 
the sizes of the pinhole images and the distance between the 
candle and the pinhole. 70 
4.  The students should be able to explain the relationship between 
the sizes of the pinhole image and the distance between the 
pinhole and the screen. 
The Model for Non-CCM Teaching 
The teaching strategy of the non-CCM was one that follows a popular strategy 
of elementary science instruction in Taiwan. The control materials consisted of a 
booklet containing objectives, instructions, activities, and questions, with blank spaces 
for the student to fill in answers. The textbook contained open-ended activities, which 
provided an opportunity for children to explore phenomena that take place in an 
ordinary classroom. The students completed the activities, and the answers were 
generally corrected by the teacher. The students used the worksheet in the textbook. 
All science teachers in the Taiwan schools use the same materials, which 
include presenting the problem, exploring the results of the activities, and synthesizing 
the conclusion. The activities are normally guided in the science classroom and 
produce the reasonable development of ideas more inductively and less deductively. 
The materials, including the textbook and the teachers' guide, make sense of the ideas 
and present them in what should be a logical order to the students. The teaching 
involves students' talk, experiments, and discussions, into which the teacher attempts to 
integrate new conceptions by a process of guided discovery. 71 
The Model for CCM Teaching 
The CCM, based on the conceptual change model (see Figure 2), were designed 
for the teaching intervention in the study. The whole teaching sequence for the 
teaching unit is listed in Appendix A. Three primary phases (probing children's 
preconceptions, using strategies for conceptual change, and constructing scientific 
concepts) were included. To master the intricacies of conceptual lessons, teachers were 
informed of children's misconceptions about light propagation in the workshop. Based 
upon the literature and the pretest, misconceptions about light propagation, such as 
"fitted model," "tunnel model," "reified image," and "active hole," were described to 
the teachers before the unit teaching began. 
This designed sequence was similar to the model used by Fetherstonhaugh and 
Treagust (1992) to teach children concepts about shadow. There were two major 
differences between the strategy of this study and previous research. One difference 
was that students were expected to follow a specified sequence of prediction, 
explanation, and observation. The other difference was that students had to write down 
their preconceptions about light propagation on Worksheet #1 (Appendix B). The 
observation results were written down on Worksheet #2 (Appendix C). This method 
was used to make students think more clearly and concretely and to help students 
distinguish the differences and the similarities between their predictions and their 
observations. All the written activities of the CCM were the same as the non-CCM, 
(including four main activities in the current science textbook, as described in 
Appendix A). 72 
In the first step, probing children's preconceptions, the teachers encouraged 
students to make predictions in the beginning of each activity. Students were asked to 
predict the shape of a pinhole image, while the real objects were shown in front of 
students in the classroom. They were asked to write down and draw their predictions. 
Teachers found children's preconceptions from the explanations of their predictions, 
including "fitted model," "tunnel model," "reified image," and "active hole." Two 
students were asked to show their explanations on the chalkboard. One student 
presented the correct explanation, and the other presented one of the misconceptions 
found in the class. These models of the pinhole image were explained to all the 
students in the class by the two students. Teachers did not criticize their efforts 
immediately. 
In the second phase, teachers used strategies to reconstruct children's thinking. 
Students were guided to observe the real phenomena. First, teachers encouraged 
students to discuss what they saw in small groups. This strategy helped children to 
observe the real phenomenon through the peer discussions. Students were encouraged 
to find the similarities and contradictions between the prediction and the observation. 
Teachers guided students to find the conflict between the real phenomenon and the 
prediction. This procedure stimulated students to experience dissatisfaction with their 
own ideas. Then, the strategy of analogy was used to reconstruct children's scientific 
concepts about light propagation through a small pinhole. Teachers explained light ray 
propagation as being like a small bead rolling on a flat surface. Light travels with a 
straight-line pathway if it does not collide with other objects. When light hits an 
obstacle, it is stopped or reflected. When light goes through the pinhole, it keeps a 73 
straight-line pathway, and an upside-down image is formed. In this case, the teachers 
provided children a plausible reason for the formation of an upside-down pinhole 
image. 
In the third phase, other activities (like predicting the pinhole sizes when 
changing the distances between the pinhole and the screen and between the candle and 
the pinhole) were designed for the advanced applications of light propagation.  These 
activities aided children's conceptual change about light properties. Even during the 
advanced activities to promote children's conceptual change, the strategies of small 
group discussion, conflict-producing, and analogy were repeated in the instruction. 
There were four activities forming four learning cycles. 
Jnstruments 
The instrument used in the study for the pretest, posttest, and delayed posttest 
measured conceptions of straight light propagation by combining written tests  with 
interviews. Simulated models found in the literature were used for the written test to 
determine the children's understanding of light concepts, and the individual  interview 
technique was employed to investigate how they arrived at the answers and to clarify 
their responses. According to Guo's investigation (1993) on children's alternative 
conceptions of elementary science, little variation existed across students of the same 
grade who were attending different classes at different schools. Therefore,  the 
questions asked on the written test and on the interview protocol were developed from 74 
modifications of the literature (Rice & Feher, 1987; La Rosa, Mayer, Patrizi, & 
Vicentini-Missoni, 1984; Jung, 1987; Feher & Meyer, 1992). 
A 10-item written diagnostic instrument (Appendix D) was used to collect data 
on students' understanding of light propagation and its properties. The written test, 
used as the pre- and posttest, consisted of 10 questions, separated into three question 
groups, or categories: Category I, light shining through windows in the room; 
Category II, the pinhole image; and Category III, shadows. Only the pinhole images 
were included in the activities in both experimental and control groups. However, all 
the questions were related to light's straight-traveling nature. 
To determine how the students arrived at the answers, each question required 
the students to explain their answers by writing or drawing. Although research has 
shown that even college students exhibit difficulties in using ray diagrams to guide 
predictions and to account for observed phenomena involving the most simple optical 
systems (Goldberg & McDermott, 1986, 1987; Ramadas, 1982), only light diagrams 
can provide a powerful means to describe and explain image formation in geometrical 
optics.  It seems that the students cannot have the light propagation conception without 
using light rays to represent light propagation. Therefore, the students' drawings were 
used to provide deeper understanding for the study. 
The three categories are all related to light straight propagation. Category I, 
including Items 1, 2, and 3, was revised from La Rosa et al. (1984) and Jung's 
investigation (1987) concerning the light image through a large hole, or window, which 
related to children's life experience. Category II, including Items 4, 5, 6, and 7 on the 
instrument, were written from the science classroom activities concerning the 75 
relationship between an image, a pinhole, and the distance between the screen and the 
pinhole. Category III, including Items 8, 9 and 10, were employed from Feher and 
Meyer's (1988) investigation, which diagnosed the children's conception about 
shadows, light anti-image through an object. 
Considering the poor reading ability of the fourth graders, the researcher read 
the questions aloud to make sure all the students understood the meaning of each 
question. The researcher took time to explain the questions in each class. No more 
questions were asked after the researcher completed the explanation. 
Although children's misconceptions of light propagation are the same 
throughout the world, according to science education research (Cobem, 1991), the test 
form was changed because of the language problem, the terms appropriate to the 
children, and the different learning setting in Taiwan. The instrument modified from 
the literature was validated by five science educators and was carefully developed 
through a pilot test. The content validity of the written test instrument was 0.80 level 
of agreement, after changes recommended by the five science educators were made. 
Reliability was calculated using KR20. 
The pilot test, interview, and pilot teaching were all held in the same elementary 
school, which was a laboratory school located in the area close to the selected 
elementary school. The laboratory school was associated with the researcher's 
elementary teacher college. There were 48 fourth graders in the pilot class. This pilot 
work was essential for arriving at a basic set of questions that yielded maximum 
information within the average time span of the written test and the interview and for 
providing an instrument that the children could easily understand. Also, the pilot work 76 
provided the categories of misconceptions that the children in Taiwan were most likely 
to hold about the nature of light. 
Description of Treatment 
All the phases in the treatment of the two groups are listed in Figure 3.  Pretest, 
intervention, posttest, and delayed posttest were administered to all the subjects. After 
all the subjects were exposed to the posttest, three children in each class were randomly 
selected with stratification for interview in the final phase, in order to clarify the 
children's responses in the test. 
Phase I 
One week before the two teachers taught the pinhole unit, the paper-and-pencil 
pretest was administered to all 194 subjects by the researcher. The 40-minute time 
period allowed for the pretest had been determined from the pilot test carried out in the 
laboratory school. According to these two teachers' understanding, one to two students 
from each class had a Chinese reading problem, although not serious. The researcher 
explained each question verbally to the classes to mitigate the reading problem. To aid 
children in understanding the questions, real objects and cards were used. 77 
After the pretest was assessed by the researcher, the CCM teaching sequence 
was revised, and it was evaluated by three science educators. Finally, the teaching 
sequence listed in Appendix A reached 100% agreement. The information about 
children's misconceptions of light propagation was collected for informing the two 
teachers in the workshop prior to the CCM instruction. 
Pretest 
Intervention 
Interview 
12 subjects only 
Delayed 
posttest 
Figure 3. Chart of treatment in the experimental and control groups. 78 
Phase II 
The teaching intervention extended for five sessions, 40 minutes each session, 
the regular length of the science course in the class schedule. As is common in 
Taiwan, this school's administrative policy required the same curriculum and 
evaluation for every class in the same grade. The pinhole unit was selected as the 
designed sample unit in the study for conceptual change, because it was the unit 
scheduled during the time period in which the teaching intervention took place. 
Since the two teachers in the study were so familiar with the current teaching 
materials, it was unlikely that they would use two different teaching approaches for the 
same unit during the same time.  The instructors taught the experimental group after 
they taught the control group. The two teachers and the researcher had a workshop 
prior to the CCM teaching intervention to discuss the approach and introduce the 
activities. They watched a videotape recorded during the pilot teaching. The three-
hour workshop was divided as follows: watching pilot teaching for one hour, 
processing the activities for one hour, and discussion for one hour. 
It was recognized that the teachers must be able to use the CCM in the 
experimental classrooms. These two teachers were encouraged to teach two other 
classes with the CCM prior to teaching the experimental classes. The purpose of this 
pilot teaching was to increase the teachers' confidence with the material and the 
approach. In order to correct the CCM teaching, the researcher developed instruments 
for classroom observation to evaluate the CCM and the non-CCM teaching procedures. 
The content of the observation instrument (see Appendix E) for the non-CCM classes 79 
included the objectives of the teaching unit. The "Y" or "N" evaluation indicated 
whether the teaching reached the objectives of the teaching materials. This observation 
sheet did not include the evaluation of the teaching strategies used in the non-CCM. 
There were 32 items on the CCM observation sheet (Appendix F), which included the 
objectives of the teaching unit, the strategies based on children's preconceptions, and 
the procedure of the teaching activities. In each activity, teachers were asked to use 
strategies, such as small group discussion, conflict-producing, or analogy. One 
experienced educator and one experienced elementary fourth-grade science teacher 
were invited to validate the observation sheet. After some revisions, all three agreed 
upon the observation sheet's content. 
In order to ascertain the integrity of the presentation in the two experimental 
classes, both teachers taught the other two pilot classes before the formal experiment. 
The researcher showed the two teachers the results of the observation sheet to improve 
their teaching processes. For example, one of two teachers failed to call on any 
students to present the scientific model on the blackboard. Although the researcher 
found that two students in the pilot class predicted the correct model about the upside­
down pinhole image, the teacher could not recall any correct model shown to the whole 
class. Therefore, students in the class were not able to criticize conflicting models 
through whole class discussion. The other teacher had difficulty using the strategy of 
conflict-producing. He did not point out the conflict with the real phenomena if light 
indeed went through the pinhole with the "tunnel model," the "reflection" model,  or the 
"fitted model." 80 
The researcher and one experienced science educator observed the classes 
during the formal teaching unit with the observation sheet (see Appendix F). The inter-
observer agreement between the educator and the researcher reached 0.88 in both 
teaching approaches for each teacher. The educator did not agree on the use of the 
conflict-producing strategy. The educator and the researcher had the same evaluation 
of 28 out of 32 items. 
After the intervention activities were completed, the posttest, identical to the 
instrument used in the pretest, was administered to all 194 subjects. The real objects 
and light sources were shown to the whole class during the posttest. Two weeks later, 
a delayed posttest was administered to all four classes to determine the stability of the 
children's ideas about light propagation. The students were all informed that none of 
the tests were for any purposes of grading but only for research. The time spent in the 
posttest was the same as that in the pretest. 
Final Interview 
Twelve students, three in each class, were selected for the interview one day 
after the posttests. The stratified sampling was based on three levels in each class. 
Students in the upper level had 7-10 correct answers on the posttest. Students in the 
middle level had 4-6 correct responses. Students in the lower level had 0-3 correct 
responses. Each interview lasted 20 minutes. For reliable analysis, the interviews 81 
were videotaped. All the final interviews were carried out in the regular science 
classroom, with only the researcher and the interview student present. Real objects and 
light sources were all developed to aid in probing and eliciting children's understanding 
about light propagation, just as they were in the pretest and posttest. The interview 
students were nervous at the beginning of the interview. When they were told the 
purpose was to help the researcher further understand their answers, not because they 
had the wrong answers on the paper-and-pencil test, they soon became more relaxed. 
To follow up on the students' original written responses in further detail, an 
interview protocol (see Appendix G) was prepared for each selected student. Each 
interview protocol consisted of questions aimed at confirming the occurrence and the 
nature of the students' misconceptions and at clarifying their usage of certain terms in 
the written test.  The interview questions were based on the children's answers on the 
posttest. Consistency of response by individual subjects was established by including 
repeat questions. According to the children's answers, the questions, "why?" "can you 
explain...?" and "can you draw...?" were asked, and the students responded to clarify 
their understanding. Questions on the interview schedule were chosen from the three 
category items in the paper-and-pencil test, one question from each category. Real 
objects and pictorial cards were used for aids during the interview. All the written tests 
and the interviews were conducted by the researcher. 82 
Chapter IV
 
Results
 
jntroduction 
To assess the validity of the answers on the paper-and-pencil test, the researcher 
reviewed the drawings and the verbal transcripts of the videotaped interviews. The 
interviews also clarified the children's misconceptions. An independent 1 test with 0.05 
level of significance was used for the analysis to test the hypotheses H01 and H11, 
referring to the difference between the pretest and the posttest in both groups. The 
General Linear Model with .05 level of significance was used to analyze the differences 
of conceptual change between the control group and the experimental group. Data 
were calculated in the overall test and in each category. 
There were 10 total points for the paper-and-pencil test. The correct responses 
of each student and each class in the pretest, posttest, and delayed posttest provided the 
data for the statistical analysis. The reliability of data from the pretest, posttest, and 
delayed posttest of each group and of both groups together was calculated by KR20. 
For the non-CCM group, the reliability of the pretest was 0.69 and of the posttest, 
0.62. For the CCM group, the reliability of the pretest was 0.75, and the reliability of 
the posttest was 0.79. For all subjects combined, the reliability of the pretest was 0.67 
and of the posttest, 0.70. The delayed posttest was administered two weeks after the 
teaching interventions. The stability of the delayed posttest, calculated by the 
reliability of test-retest, was 0.95. The high stability indicated that the test was reliable 83 
and that students retained what they learned. The results listed in Table 1 provide a 
numerical overview of changes in the individual items for the pretest, posttest, and 
delayed posttest. Item 5 consistently received the lowest percentage of correct 
responses in the pretest, the posttest, and the delayed posttest. 
Table 1 
Children's Correct Responses on Individual Test Items 
Non -CCM  CCM 
Item  Pretest  Posttest  Delayed  Pretest  Posttest  Delayed 
(%)  (%)  posttest (%)  (%)  (%)  posttest (%) 
1  38  62  62  37  72  72 
2  62  70  69  61 78  77 
3  32  39  40  32 50  48 
4 60  76  76  61 87  86 
5 3 4  4  5 13 12 
6  62  72  71  64 85  85 
7  35  46  47  38 57  57 
8  61  67  68  60 75  74 
9  42  51  50  42 55  54 
10 28  36  35  29 40  38 84 
Data Analysis 
Statistical analyses of scores for comparing the effect of the CCM teaching 
materials in the experimental and control groups were implemented in stages.  First, an 
appropriate model was sought for the testing of the hypotheses. The model included 
the independent variables (pretest, treatment, and teachers), the interactions between 
the independent variables, and the dependent variable (posttest or delayed posttest). A 
whole linear model was first set as Equation 1. The totals for each subject were 
recorded, and the means and standard deviations of total scores in the pretest, posttest, 
and delayed posttest for both experimental and control groups were computed. Because 
there was no significant teacher effect in this study (E =  0.32, 12 > 0.05 in the 
posttest; E =  1.52, 12 > 0.05 in the delayed posttest), the linear model could be 
reduced and modified as in Equation 2. 
X  =Po + pi(pretest) + 132(treatment) + P3(pre*tre)+ 134(teacher)  (1) 
y: Individual posttest score or delayed posttest 
Po, P1,13,, P39 34 are all coefficients.
 
Note: Pre*tre = interaction between pretest score and treatment.
 
X  =Po + Pi(pretest) + P2(treatment) + P3(pre*tre)  (2) 
The General Linear Model (GLM) procedure focused on the effects of the two 
independent variables, pretest and treatment, and one interaction effect, the interaction 85 
between pretest and treatment. Before ANCOVA was used, the primary condition was 
considered, and the procedure structured the analyses hierarchically. First, the 
unadjusted posttest scores (including pretest, treatment, and their interaction) were 
examined. Then, the adjusted posttest scores were examined, after testing the variable 
and the interaction of pretest and treatment. ANCOVA could be used to determine the 
effect of the treatment only if there was no interaction between the pretest and 
treatment in Equation 2. 
Overall Test Analysis Results 
Around 40% of all pretest questions were answered correctly. The students' 
average pretest scores (as shown in Table 2) were 3.52 (5.12 = 2.35) out of 10 possible 
points in the non-CCM group and 4.31 (SD = 2.48) out of 10 possible points in the 
CCM group. Students' knowledge of light propagation before instruction was very 
limited. Even after instruction, only 55% of the posttest answers were answered 
correctly (i.e., consistent with the accepted scientific concepts). The average posttest 
scores were 4.89 (22 = 2.19) out of 10 possible points in the non-CCM group and 
6.04 (21 = 2.47) out of 10 possible points in the CCM group. The results in Table 2 
showed that the average delayed posttest scores were 5.27 (22 = 2.21) out of 10 
possible points in the non-CCM group and 6.01 (22 = 2.48) out of 10 possible points 
in the CCM group. A t test was used to compare pre- and posttest scores. Significant 
increases in mean posttest scores (t = 4.2, 12 < 0.05, in the non-CCM group; i = 
4.87, 12 < 0.05, in the CCM group) were realized by both groups. The results of the 86 
pretest and posttest in both the CCM and non-CCM groups (shown in Table 2) also 
showed that the distributions moved from positive skewness (population in lower 
scores) to negative skewness (population in higher scores). 
Table 2 
1 !II  I I  I  sti  ,.1s 
CCM Groups 
Non-CCM (Ar = 97)  CCM Or = 97) 
Pretest  Post- Delayed  Pretest  Post- Delayed 
test  posttest  test  posttest 
Mean  3.52  4.89  5.27  4.31  6.04  6.01 
Std Deviation  2.35  2.19  2.21  2.48  2.47  2.48 
Skewness  0.44  -0.51  -0.50  0.26  -0.41  -0.43 
Note: - Skewness means population is in higher scores 
+ Skewness means populations in lower scores 
The results of the posttest (see Table 3) indicated that the interaction between 
pretest and treatment was not significant in the study (E = 0.65, p > 0.05). The 
results of the delayed posttest (Table 4) indicated that the interaction between pretest 
and treatment was not significant either (E = 1.79, p > 0.05). The relationships 
between the posttest and pretest are shown in Tables 5 and 6 and Equations 3, 4, 5 and 
6. The nearly parallel lines (see Figure 4(a) and (b)) indicated no interactions between 
the pretest and treatment and between the pretest and delayed posttest. 87 
Table 3 
I : 6t1  .1 I I  I 
jn the Overall Test 
Source  jf  Mean Square  E Value 
Pretest 
Treatment 
Pre*tre 
1 
1 
1 
461 
0.91 
1.49 
201 
0.40 
0.65 
Note: Pre*tre = interaction between pretest score and treatment. 
p Value 
0.00 
0.53 
0.42 
Table 4 
1/  III  -ii 
Posttest in the Overall Test 
Source  df  Mean Square  E Value 
Pretest  1  464  206 
Treatment  1  0.00  0.00 
Pre*tre  1  4.03  1.79 
Note: Pre*tre = interaction between pretest score and treatment. 
p Value 
0.00 
0.99 
0.18 88 
Table 5 
;
1 i if  ' r ii  IN	  i. it 
Overall Test 
Parameter  Estimate  I for 110= 0  p Value	  Std Err of 
Estimate 
Intercept  2.84  7.97  0.00	  0.36 
Pretest  0.74  9.97  0.00	  0.08 
Treatment 0  -0.28  -0.63  0.53  0.45
 
Treatment 1  0.00
 
Pre*tre 0  -0.08  -0.81  0.42	  0.10 
Pre*tre 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM; Pre*tre = interaction between pretest score 
and treatment. 
Table 6 
: II - I  I L' It.  I  I II t  I 
in the Overall Test 
Parameter  Estimate  I for 1:10= 0  p Value	  Std Err of
 
Estimate
 
Intercept	  2.69  7.58  0.00  0.35 
Pretest	  0.77  10.3  0.00  0.07 
Treatment 0  -0.00  0.00  0.99  0.45
 
Treatment 1  0.00
 
Pre*tre 0	  -0.13  -1.34  0.18  0.10 
Pre*tre 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM; Pre*tre = interaction between pretest score 
and treatment. 89 
Non-CCM Group: y =  2.56 + 0.66 g  (3) 
CCM Group:  y = 2.84 + 0.74 g  (4) 
y: individual posttest score 
g: individual pretest score 
Non-CCM Group: y =  2.56 + 0.77 g  (5) 
CCM Group:  y = 2.69 + 0.77 g  (6) 
y: individual delayed posttest score 
g: individual pretest score 
(a)  (b) 
CCM
 
Post- Delayed
 
test  Posttest
 
Non-CCM 
Pre-test  Pre-test 
Figure 4. The relationships between the posttest and pretest and between the delayed 
posttest and pretest in the overall test in both groups. 90 
The adjusted posttest model shown in Tables 7, 8, 9, and 10 can be written as in 
Equations 7, 8, 9, and 10. The adjusted relationships between the pretest and posttest 
and between the pretest and the delayed posttest are as in Figure 5 (a) and (b). The 
results indicate that there are significant differences between the CCM and the non-
CCM groups (E = 7.40, p < 0.05, on the posttest; E = 5.71, p < 0.05, on the 
delayed posttest). 
Table 7 
.610  1/  ti	  I  II, ;. 
And Posttest in the Overall Test 
Source  di  Mean Square  E Value	  p Value 
Pretest  1  462  202	  0.00 
Treatment  1  16.9  7.40	  0.01 
Table 8 
II .' I	  I I  I  I I 
in the Overall Test 
Parameter  Estimate  I for 1I= 0  p Value	  Std Err of 
Estimate 
Intercept  3.03  11.6  0.00  0.26 
Pretest  0.70  14.2  0.00  0.05 
Treatment 0  -0.60  -2.7  0.01  0.22 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 91 
Table 9 
Delayed Posttest in the Overall Test 
Source  a  Mean Square  E Value  p Value
 
Pretest  1  462  204  0.00
 
Treatment  1  12.9  5.71  0.01
 
Table 10 
I  t: II	  t )  1  I 11 .'  ;I  I  I  I I  11,.. 
Posttest in the Overall Test 
Parameter  Estimate  I for E102= 0  p Value	  Std Err of 
Estimate 
Intercept  3.01  11.60  0.00	  0.26 
Pretest  0.69  14.29  0.00	  0.05 
Treatment 0  -0.52  -2.39  0.01	  0.22 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 
Non-CCM Group: y = 2.43 + 0.70 x	  (7) 
CCM Group:  y = 3.03 + 0.70 x	  (8) 
y: individual posttest score 
x: individual pretest score 92 
Non-CCM Group: y = 2.49 + 0.69 x
 
CCM Group  X = 3.01 + 0.69 x
 
y: individual delayed posttest score
 
2i: individual pretest score
 
(b) 
Delayed
Posttest 
Pre-test  Pre-test 
Figure 5. The adjusted relationships between the pretest and posttest and between the 
pretest and delayed posttest in both CCM and non-CCM groups. 
Effects of CCM Teaching on Catteory I Conceptual Changes 
To determine the effects of the CCM on children's concepts about Category I 
(window image), the variations and KR20 of reliability of the children's scores were 
calculated and are presented in Table 11. The data in Tables 12 and 13 indicate that 
there were significant differences between these two groups (1 =  -2.44, p < 0.05, in 
the posttest; / =  -2.57, p < .05, in the delayed posttest). The results listed in Table 
12, written as in Equations 11 and 12, show the relationships between the pretest and 93 
posttest in both groups. Also, the results listed in Table 13, written as in Equations 13 
and 14, show the relationships between the pretest and delayed posttest in both groups. 
Table 11 
The Variations and Reliability of Category I in Both Groups 
Non -CCM  CCM 
Pretest  Posttest  Delayed  Pretest  Posttest  Delayed 
Posttest  Posttest 
Mean  1.69  1.80  1.81  1.70  2.16  2.05 
Std Deviation  1.30  1.28  1.28  1.29  1.28  1.29 
KR,  0.71  0.70  0.71  0.70  0.70  0.71 
Table 12 
I I I  w  I  I  I it, L'  .1' 
Posttest, Category I 
Parameter  Estimate  I foriice = 0  p Value  Std Err of
 
Estimate
 
Intercept  1.38  10.8  0.00  0.13 
Pretest  0.46  7.32  0.00  0.06 
Treatment 0  -0.34  -2.44  0.02  0.14 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 94 
Table 13 
I I t: t:  II  L. iv;  :  1. 
Posttest, Category I 
Parameter  Estimate  I for Ho3= 0  p Value  Std Err of 
Estimate 
Intercept  1.38  11.0  0.00  0.12 
Pretest  0.46  7.51  0.00  0.06 
Treatment 0  -0.35  -2.57  0.02  0.14 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 
Non-CCM group:  y = 1.02 + 0.46 g  (11) 
CCM group:  y =  1.38 + 0.46 g  (12) 
X: individual posttest score in Category I 
g: individual pretest score in Category I 
Non-CCM group: y =  1.03 + 0.46 g  (13) 
CCM group:  y =  1.38 + 0.46 g  (14) 
y: individual delayed posttest score in Category I 
g: individual pretest score in Category I 95 
Effects of CCM Teaching on Category II Concentual Changes 
The variations and K11.20 of reliability of children's scores in Category II are 
shown in Table 14. Tables 15 and 16 contain data on the relationships between the 
posttest and delayed posttest (1 = 1.62, p > 0.05, in the posttest; I = 0.88, p > .05, 
in the delayed posttest). This means that no significant differences between the two 
groups were revealed in Category II (pinhole images). Equations 15, 16, 17, and 18 
also show the relationships between the pretest and posttest and between the pretest and 
delayed posttest in both groups. 
Table 14 
The Variations and Re liabilities of Category Win Both Groups 
Non -CCM  CCM 
Pretest  Posttest  Delayed  Pretest  Posttest  Delayed 
Posttest  Posttest 
Mean  1.26  1.87  1.90  1.27  2.36  2.00 
Std Deviation  1.09  1.10  1.10  1.09  2.00  1.90 
KR20  0.64  0.65  0.65  0.63  0.64  0.64 I 
96 
Table 15 
t: II  Its  I  L.  II:.  ;i t 
Category II 
Parameter  Estimate  I for 16= 0  p Value  Std Err of 
Estimate 
Intercept  1.77  11.26  0.00  0.16 
Pretest  0.28  4.47  0.00  0.06 
Treatment 0  -0.26  -1.62  0.11  0.16 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 
Table 16 
%  I  lc  I  I 
Posttest, Category II 
Parameter  Estimate  I for Hoc= 0  p Value  Std Err of 
Estimate 
Intercept  1.73  11.7  0.00  0.15 
Pretest  0.27  4.57  0.00  0.06 
Treatment 0  -0.13  -0.88  0.38  0.15 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 97 
Non-CCM group: y = 1.51 +  0.28 x  (15)
 
CCM group:  y =  1.77 + 0.28 x  (16)
 
y: individual posttest score in Category II 
x: individual pretest score in Category II 
Non-CCM group: y =  1.60 + 0.27 x  (17) 
CCM group:  y = 1.77 + 0.27 x  (18) 
y: individual delayed posttest score in Category II 
x: individual pretest score in Category II 
Effects of CCM Teaching on Category HI Conceptual Changes 
Results from a I test indicate that both teaching materials affected conceptual 
change in Category III (shadows) (I =  2.4, p < 0.05 in the non-CCM group; / =3.5, 
p < 0.05 in the CCM group). The variations and reliabilities of children's scores on 
Category III of the instrument are provided in Table  17.  The data in Tables 18 and 19 
show that there are no significant differences between these two groups (I = -1.47, p 
> 0.05 on the posttest; I = -0.71, p > .05 on the delayed posttest). The relationships 
between the pretest and posttest and between the pretest and delayed posttest in both 
groups are shown in Equations 19, 20, 21, and 22. 98 
Table 17 
I  r  I I  I  I  ILI  In II  :II 
Non -CCM  CCM 
Pretest  Posttest  Delayed  Pretest  Posttest  Delayed 
posttest  posttest 
Mean  1.11  1.50  1.83  1.10  1.70  1.62 
Std Deviation  1.19  1.17  1.17  1.18  1.19  1.19 
0.81  0.81  0.81  0.80  0.81  0.81 KR In 
Table 18 
t:	  :  I I  I  61c 
Posttest, Category III 
Parameter  Estimate  I for 1105= 0  p Value	  Std Err of
 
Estimate
 
Intercept  0.96  8.11  0.00	  0.12 
Pretest  0.67  11.9  0.00	  0.06 
Treatment 0  -0.20  -1.47  0.14	  0.13 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 99 
Table 19 
oi  o  ;o1:  I  611L  :  1. 
Posttest, Category III 
Parameter  Estimate  I for I  = 0  p Value  Std Err of 
Estimate 
Intercept  0.26  0.10  0.91  0.28 
Pretest  0.96  11.5  0.00  0.12 
Treatment 0  -0.23  -0.71  0.48  0.33 
Treatment 1  0.00 
Note: 0 = Non-CCM Group; 1 = CCM Group; - I value means the number in non-
CCM is lower than the number in CCM. 
Non-CCM group: y = 0.76 + 0.67 x  (19) 
CCM group:  y = 0.96 + 0.67 x  (20) 
y: individual posttest score in Category III 
x: individual pretest score in Category III 
Non-CCM group: y = 0.03 + 0.96 x  (21) 
CCM group:  y = 0.26 + 0.96 x  (22) 
y: individual delayed posttest score in Category III 
x: individual pretest score in Category III 
Data From the Interviews 
Twelve subjects were selected for interview. Interviews were conducted after 
the posttest to clarify students' answers on the quantitative instrument and to classify 100 
the types of conceptions they illustrated with diagrams. According to the data from the 
videotapes, the drawings, and the written explanations, the types of children's 
misconceptions were classified. The videotapes were viewed at least twice, with 
detailed notes taken. When children reported or explained observations, the videotape 
was transcribed verbatim. Following the transcription of videotapes, the data were 
initially analyzed by looking for patterns in the children's explanations of the behavior 
of light propagation in the posttest. Finally, some numerical results were calculated, 
such as the number of children holding the same types of misconceptions and the 
number of items the interview children answered. 
Also, the interview helped to determine the validity of the children's answers 
for Items 4-10 (Items 1-3 were multiple choice). The results (see Table 20) provided 
an overview of changes in the interviewed subjects' responses.  All the names are 
pseudonyms. The subjects were selected in a stratified manner from the three levels in 
the classes. The diagrams and the interviews revealed the mechanisms the children 
used to explain the formation of straight light propagation, pinhole images, and 
shadows. From the diagrams and a summary of the interview and paper-and-pencil test 
(pretest and posttest) data, several types of misconceptions were revealed in all three 
categories. Although 12 children were interviewed, only a few representative 
responses are quoted. 101 
Table 20 
Frequencies of Correct Responses by Interviewed Children 
CCM  Non -CCM 
Name  Pretest  Posttest  Name  Pretest  Posttest 
Chi  0  1  Wen  0  0 
Ron  0  3  Yan  0  2 
Jim  4  4  Fong  3  4 
Ming  5  6  Lin  5  7 
Hwa  6  9  Chen  8  8 
Jan  9  9  Lex  9  8 
Types of Misconceptions in Category I 
Type 1 - Tunnel ray. Some children drew the light ray the same width as the 
window in their diagrams (see Figure 6). Two children were interviewed to clarify the 
model of children's conceptions. Listed below is an excerpt from the interviews. 
Ron: Because windows permitted only the rays with the same width to enter 
the room. 
Researcher: Can the other part of the lamp emit light going through the 
window? 
Ron: No, I suppose the wall will stop them. 
Researcher: How much of the rays can enter the room? 
Wen: It depends on the window's width. 
Researcher: Which part of the lamp can emit light rays that can enter the 
room? 
Wen: The same width as the window. 102 
Window 
Figure 6. Diagram of children's misconception, tunnel model. 
Type 2 - The top wall played the re-emit role. Three of the children in the 
posttest drew light bounding the top of the wall then remitting to each of the windows, 
as shown in Figure 7. Interestingly, these three children had the same diagrams in the 
pretest. One of these three children, Jim, was asked why he drew this diagram: 
Jim: Light hit the top of wall, and it is reflected to each window. 
Researcher: Can light go through window A? 
Jim: Yes, it can enter from window A, B and C, since light can be reflected 
to all directions. 103 
Lamp  Wall  Window 
Figure 7. Diagram of children's misconception, re-emit model. 
Type 3  Light travels as a wave. Two children drew light traveling as a wave 
and entering the box through each window (see Figure 8) in both the pretest and 
posttest. The interview conversation went as follows: 
Researcher: What do you mean by your diagram?
 
Ming:  It is a light wave.
 
Researcher: What is a light wave?
 
Ming: A light wave is like a wave in the sea. It can go through the top wall
 
to enter the windows.
 
Researcher: Can it enter from Window A?
 
Ming: Yes, it can.
 
Researcher: How about C?
 
Ming: Yes, it does, too. Since it is a wave.
 
Researcher: How did you know light is a wave?
 
Ming: I've seen from TV, movies, and books.
 104 
Lamp  Wall  Window 
Figure 8. Diagram of children's misconception, wave model. 
Types of Misconceptions in Category II 
Type 1  Fitted light. No matter what the size of the pinhole was, children drew 
the width of light to fit the pinhole as it passed through the pinhole, and they drew the 
image as upright (see Figures 9(a) and 9(b)). In the pretest, 27 children drew light rays 
fitting the pinhole, then recovering the original width and shape after passing through 
the pinhole. In other words, light was "squeezed" when rays were  passing through the 
pinhole. Only one of those 27 children, Yan, still drew the fitted rays in the posttest. 
Twenty-four children drew X-shaped rays to replace the model of the "squeezed" rays. 
Yan was interviewed. 
Researcher: The width of light rays is becoming narrow when they are 
passing through the pinhole. Why? 
Yan: Since light can pass through the pinhole only. 
Researcher:  Is the image upright or upside-down? 
Yan:  It is upside-down. 
Researcher: Why? 
Yan:  I saw it in the screen. 105 
Yan remembered the result of the pinhole image; however, she did not grasp the 
correct concept of a straight-line pathway.  Yan drew the upside-down pinhole image; 
however, she still drew the "tunnel model" of squeezed rays in the posttest. 
Type 2 - Light crossed the hole with_an "X" shape. In the pretest, 42 children 
drew the correct straight-light propagation, an "X" shape through the pinhole, but they 
drew the image upright (see Figure 9(c)). In the posttest, 180 children (over 90%) 
drew X-shaped light rays, and all of them drew the upside-down images. Twenty-two 
children drew the images the same size as the original candle flame, regardless of the 
width of rays they drew on the screen. Two of those children were interviewed. 
Researcher: Why does light pass through the pinhole with an "X" shape? 
Hwa: Because light rays travel in a straight line. 
Researcher: Why is the image upside-down? 
Hwa: The light from the top flame goes to the lowest position, and light 
from the bottom flame goes to the upper position. 
Researcher: Is the size of the image the same as the candle flame? 
Hwa: It depends on the distances between the screen and the pinhole and 
between the pinhole and the candle flame. 
Researcher: Can you draw the image of the midpoint of the candle 
flame? 
Hwa drew another straight line from the midpoint of the candle flame to the 
midpoint of the image. Among those who drew the X-shaped light rays with the upside 
down image, Hwa, who is one of high level students, got the correct concept of light 
propagation, although she had no idea about this item in the pretest. However, Ron, 106 
(a) 
(b) 
(c) 
(d) 
(e) 
figure 9. Diagrams of children's misconception models, Category II. 107 
who is one of the lower level students, had a different conception about the same "X" 
shape of light rays. 
Researcher: Is the size of the image the same as the candle flame? 
Or smaller? Or larger? 
Ron: It is the same as the candle flame. 
Researcher: Why? 
Ron: Because light just only passes through the small pinhole; it cannot 
change the size of the image. 
Type 3 - The pinhole played an active role. In the pretest, 30 children drew the 
pinhole image as a circle (see Figure 9(d)). Five of 194 students drew the double V-
shaped line which crossed in the hole (as in Figure 9(e)). None drew the circle image 
in the posttest. Two children, Chi and Fong, who were in the lower level, were 
interviewed. 
Researcher: Is the shape of the pinhole image a circle or not? 
Chi:  It is a circle. 
Researcher: But you drew a circle before. 
Chi: Yes, but my teacher said it was an upside-down pinhole image. 
Researcher: Did you see the upside-down pinhole image? 
Chi: Yes, I did. 
Researcher: Can you explain why? 
Chi: Because light travels with a straight-line pathway. 
Researcher: Why does a straight-line pathway result in the upside­
down image? 
Chi: Un...., I don't know. 
Researcher: Is it a circle or upside-down image? 
Chi: Un  ,  it is a circle. 
Researcher: What is it becoming if the pinhole is getting bigger? 
Chi:  It is getting more vague. 
Researcher: Why it is getting more vague? 
Chi: My teacher said. 108 
Researcher: Is the pinhole image upside-down or upright?
 
Fong: It is an upside-down image.
 
Researcher: Why?
 
Fong: I saw it on the screen.
 
Researcher: What is it becoming if the pinhole is becoming bigger? 
Fong: It is getting bigger. 
Researcher: Can you explain why? 
Fong: The bigger the hole is becoming, the more the light rays go 
through. Therefore, the image is getting bigger. 
Types of Misconceptions in Category III 
Type 1 - Reified shadows. This conception model refers to the misconception 
that an object casts, or emits, a shadow having nothing to do with the light source. For 
example, a red ball produced a red shadow (as in Figure 10(a)), and the size of the 
shadow was the same as the size of the object, whatever the light and the distance 
between the light and the object (Figure 10(b)). Lin and Jim were interviewed, and 
both of them answered that the shadow of the red ball was red. 
Researcher: Is this the shadow of the tennis ball? 
Lin: Yes. 
Researcher: Is the size of the shadow the same size as the tennis ball? Bigger? 
Smaller? 
Lin: The same.
 
Researcher: Is there any strip on the shadow like your drawing?
 
Lin: Yes, there are strips on the shadow, as the strips on the tennis ball.
 
Researcher: What color is the shadow of a red ball?
 
Lin: Red shadow.
 
Researcher: Is there any strip on the red shadow?
 
Lin: Yes, there are strips on the red shadow.
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Researcher: How large is the shadow of the red ball? 
Jim:  It depends on the size of the red ball. 
Researcher: Is there any strip on the shadow? 
Jim: Yes, strips are on the shadow, because of the strips of the 
red ball. 
Over half of the children drew strips on the shadow of the tennis ball.  It is 
interesting to find that most of the children who drew strips on the shadows also 
answered that a red ball produces a red shadow (Item 8). Predicting that the ball and 
the shadow would be the same size also indicated that the belief in reified shadow 
deeply existed in some children's minds. 
Type 2 - Preferential light direction. Five children pointed out that the shadow 
was inside of the big circle, and the outside ring was illuminated (see Figure 10(c)). In 
other words, these children drew light rays traveling as a whole and preferentially in 
the direction of the object. Ming was asked about the rest of the screen. 
Ming: No light illuminated the other part of the screen.
 
Researcher: Why?
 
Ming: Because of straight-line light rays.
 
He drew light rays from the top of the lamp and the bottom of the light. Two 
concentrated circles were formed. He thought the inside circle was the shadow and the 
outside circle was lit by the lamp. 110 
Type 3 - Light source as a trigger for shadow. In both the pretest and posttest, 
around 30% of the children answered that red shadows were formed if the light source 
was red. Fong and Jim, who (on Item 9) predicted a red shadow the same size as the 
red ball and with strips, were interviewed, as follows. 
Researcher: What color is the shadow if the light is red?
 
Jim: Red.
 
Researcher: Why is it red?
 
Jim: It is red because the light is red.
 
Researcher: Is the size of the shadow the same as the size of the ball? or
 
bigger? or smaller? 
Jim: A little bit bigger, because light propagates with a straight-line pathway. 
Researcher: Why did you draw these strips on the shadow? 
Jim: The lamp lit the ball then cast the shadow on the screen. There were 
strips on the ball; therefore, there were strips on the shadows. 
Researcher: Why do you think the color of the shadow is red? 
Fong: Light illuminated on the object then cast the shadow on the screen. 
The color shadow is the same as the light. 
Researcher: But you said the color of the shadow is the same as the object in 
Item 9, didn't you? 
Fong: Yes, but now the light has been changed. The color of the shadow is 
supposed to be changed. 
The most interesting result is that part of those children who held the reified 
shadow model in Item 9 also gave the Type 3 answers in Item 10. The conflict of the 
two types of shadow formation existed in children's minds, even after teaching 
interventions in both groups. 111 
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Figure 10. Diagrams of children's misconception models, Category III. 112 
Type 4 - Scientific terminology misused. Wen and Ron were asked how the 
shadow in their diagrams was formed. Both of them answered, "The shadow was 
formed because the light was reflected." 
Researcher: Where did the reflected light come from?
 
Wen: Light illuminated on the object, then it reflected to the screen.
 
The scientific terminology was misused by six of the children in both the pretest 
and posttest. These six children in both groups did not change their conceptions after 
teaching interventions. 
Summary 
In summary, after testing the whole general linear model in Equation 1, the 
model in Equation 2  was used for testing the effect of the CCM teaching materials, 
since there was no teacher effect in the result (E =  0.32, 12 > 0.05 in the posttest; E = 
1.52, 12 > 0.05 in the delayed posttest). Finally, the simple model in Equation 23 was 
used for ANCOVA, testing the differences between the CCM and the non-CCM 
groups, since results from the GLM procedure also revealed that there was no 
interaction between the pretest and the treatment (E = 0.65 , 1z > 0.05 in the posttest; 
E = 1.79, 12 > 0.05 in the-delayed posttest) in the study. In the final model (see 
Equation 23), the posttest or the delayed posttest was the dependent variable, the 
pretest was considered a covariate, and the treatment was the independent variable. 113 
=1,30 + 131(pretest) + p2(treatment)  (23) 
Non-CCM:  treatment = 0; 
CCM:  treatment = 1 
The average scores in the non-CCM group were 3.52 (SD = 2.35) in the 
pretest, 4.89 (5.12 = 2.19) in the posttest, and 5.27 (5.12 = 2.21) in the delayed 
posttest. The average scores in the CCM group were 4.31 (SP = 2.45) in the pretest, 
6.04 (SD = 2.47) in the posttest, and 6.01 ((12 = 2.48) in the delayed posttest (see 
Table 2). Table 21 shows the effects of treatment and the results from ANCOVA. 
There was a significant effect in global conceptual change about light propagation 
between the non-CCM and the CCM groups (E = 7.40, p < 0.05 in the posttest; E = 
5.71, p < 0.05 in the delayed posttest). The effect of the increasing pretest score on 
the posttest was an increase of 0.70 per unit of pretest score (see Table 8). After 
accounting for the effect of the pretest score, the effect of the treatment on the posttest 
Table 21 
III 01 Y  I.  'It  1. 4, )1 I I  I I 
Propagation Between the CCM_and the Non-CCM Groups 
Overall test  Category I  Category II  Category III 
Posttest  0.60*  0.34*  0.26  0.20 
0.23 
Posttest 
Note: * = significant difference between CCM and non-CCM groups at a = 0.05. 
Delayed  0.52*  0.35*  0.13 114 
score was estimated to be 0.60.  The effect of the increasing pretest score on the 
posttest was an increase of 0.69 per unit of pretest score (see Table 10). Accounting 
for the effect of the pretest score, the effect of treatment on the delayed posttest score 
was estimated to be 0.52. 
In Category I, the average scores in the non-CCM group were 1.69 ((I2 = 
1.30) in the pretest, 1.80 (SD = 1.28) in the posttest, and 1.81 (SD = 0.71) in the 
delayed posttest. The average scores in the CCM group were 1.70 (SD = 1.29) in the 
pretest, 2.16 (S12 = 1.28) in the posttest, and 2.05 (Sp = 1.29) in the delayed 
posttest. There was a significant difference on Category I (I = -2.44, p < 0.05 in the 
posttest; I = -2.57, p < 0.05 in the delayed posttest) between the non-CCM and CCM 
groups. The effect of the increasing pretest score on the posttest or delayed posttest 
was an increase of 0.46 per unit of pretest score. After accounting for the effect of the 
pretest score, the effects of treatment on both the posttest score and the delayed posttest 
score were estimated to be 0.34 or 0.35 (see Tables 12 and 13). 
In Category II, the average scores in the non-CCM group were 1.26 (SD = 
1.09) in the pretest, 1.87 (SD = 1.10) in the posttest, and 1.90 (SD = 1.10) in the 
delayed posttest. The average scores in the CCM group were 1.27 ((I1 = 1.09) in the 
pretest, 2.36 (SD = 2.00) in the posttest, and 2.00 (SD = 1.90) in the delayed 
posttest. There was no significant difference in Category II between the non-CCM and 
CCM groups (I = -1.62, p > 0.05 in the posttest; / = -0.88, p > 0.05 in the delayed 
posttest). The effect of the increasing pretest score on the posttest or delayed posttest 
was an increase of 0.28 or 0.27 per unit of pretest score. Accounting for the effect of 115 
the pretest score, the effect of treatment on the posttest score or the delayed posttest
 
score was estimated to be 0.26 or 0.13 (see Tables 15 and 16).
 
In Category III, the average scores in the non-CCM group were 1.10 (5.12 = 
1.19) in the pretest, 1.50 ($.12 = 1.17) in the posttest, and  1.83 (SD = 1.17) in the 
delayed posttest. The average scores in the CCM group were 1.10 (fl =  1.18) in the 
pretest, 1.70 (5.11 = 1.19) in the posttest, and 1.62 (  = 1.19) in the delayed 
posttest. There was no significant difference in Category III between the non-CCM 
and CCM groups (1 =  -1.47, 12 > 0.05 in the posttest; I =  -0.71, 12 > 0.05 in the 
delayed posttest). The effect of the increasing pretest score on the posttest or the 
delayed posttest was an increase of 0.67 or 0.96 per unit of pretest score. After 
accounting for the effect of the pretest score, the effects of treatment on the posttest 
score or the delayed posttest score was estimated to be  0.20 or 0.23 (see Tables 18 and 
19).  All the data from the effects of treatment on the posttest and the delayed posttest 
were positive, indicating that teaching interventions positively affected the posttest and 
the delayed posttest score in both non-CCM and CCM groups. This positive effect is 
consistent with the results from the I test, which showed that there were significant 
differences between the pretest and the posttest in the non-CCM  group and between the 
pretest and posttest in the CCM group (I =  4.2, 12 < 0.05, in the non-CCM group; I = 
4.87, 12 < 0.05, in the CCM group). The results suggest that the better the pretest 
score, the better the posttest or the delayed posttest score. 
The researcher interviewed children to help clarify the wrong answers and the 
correct answers on the paper-and-pencil test, especially the open questions from Items 4 
through 10. The interviews also helped to clarify the classification of types of 116 
children's conceptions. Many types were consistent with Feher and Rice's study 
(1986, 1988) and Mayer and Feher's study (1988). For example, the "tunnel ray" 
model and "fitted light model" drawn in Category I and Category II were the same as 
the findings that appeared in the Feher and Rice study. Parts of these findings were 
consistent with the previous research (Feher & Rice, 1986, 1988; Feher & Mayer, 
1992). For example, children drew light rays traveling as a whole and preferentially in 
the direction of the object, consistent with the "holistic model" in Rice and Feher's 
previous finding (1987). Another interesting result was that most of the children who 
answered that a red ball produced a red shadow also drew strips on the shadow of the 
ball because it had two strips on it. Those children used a coherent model that the 
shadow was reified, similar to the finding in Feher and Rice's study (1986, 1988). The 
concept of fitting light found in this study was the same as the finding in Feher and 
Rice's study (1988), which described that the hole played the "squeeze" role. Category 
II, Type 3, thinking was also found in Feher and Rice's study (1988), in which 
children believed that the hole played the active role in shaping the image. The shape 
of "double V" traveling (as shown in Figure 9(e)) also revealed that children assigned 
the hole an active role. 
Another interesting finding was that most of the children who gave the Category 
III, Type 1 answers in Item 9 also responded with Type 3 answers in Item 10. The 
conflict of the two types of shadow formation existed in children's mind even after 
teaching interventions in both groups. 117 
Chapter V
 
Discussion and Conclusion
 
Introduction 
The purpose of this study was to examine the effectiveness of the conceptual 
change materials based upon children's preconceptions. A i test was used for 
comparing conceptual change about light propagation between the pretest and the 
posttest or the delayed posttest in both the control and the experimental groups. 
ANCOVA was used to compare conceptual change between the control and the 
experimental groups for the posttest and the delayed posttest. Another major 
accomplishment of this study was the identification and the classification of children's 
misconceptions about light propagation. 
Discussion 
Since no interaction between the covariate (pretest) and the treatment (teaching 
materials) appeared in the analysis, the GLM procedure under ANCOVA was 
appropriate for comparing the effects of the teaching interventions in the CCM and 
non-CCM groups in this study. The pretest results appeared to be a major factor in 
predicting the posttest scores in both groups. Results showed that students performing 
well on the pretest were likely to perform well on the posttest. This result was also 
reinforced by an analysis of the effects of the treatment (overall test: 0.60 posttest, 0.52 
delayed posttest; Category I: 0.34 posttest, 0.35 delayed posttest; Category II: 0.26 118 
posttest, 0.13 delayed posttest; Category III: 0.20 posttest, 0.23 delayed posttest). 
These data indicated that teaching interventions had the greatest effect in Category I 
(window images). With testing on global conceptual change about light propagation, 
results from the average scores of the CCM group (mean = 4.31, Sp = 2.48 in the 
pretest; mean = 6.04, SD = 2.47, in the posttest; mean = 6.01, Sn = 2.48, in the 
delayed posttest) and from the average scores of the non-CCM group (mean = 3.52, 
= 2.35 in the pretest; mean = 4.89, Sa = 2.19, in the posttest; mean = 5.27, 
= 2.21, in the delayed posttest) showed that children in the CCM group were more 
effectively equipped to construct scientifically acceptable answers than were children in 
the non-CCM group (E = 7.40, 12 < 0.05 in the posttest; E = 5.71, 12 < 0.05 in the 
delayed posttest). This result indicated that CCM materials were more effective than 
the traditional teaching method at assisting the students to construct scientifically 
accepted concepts. Also, the test-retest stability between the posttest and delayed 
posttest indicated that children in the CCM group did not revert to their inaccurate 
preconceptions after two weeks. These results could illustrate that the CCM teaching 
method had a lasting effect. This effect is the same as Fetherstonhaugh and Treagust's 
result (1992), which found that students had not reverted to their prior conceptions after 
three years. This lasting effect is comparable to those of the conceptual change teaching 
described by Anderson and Smith (1984) with fifth graders. Although White and 
Gunstone's research (1989) suggested that students' ideas tended to revert to their prior 
ideas after a period of time, the results of the delayed posttest in this study indicated 
that the scientific concepts were retained after two weeks. 119 
Although the results indicated that the CCM was more effective for overall 
conceptual change about light propagation, students did not learn much after teaching 
intervention, since the correct responses in Items 3, 5, 7, 9, and 10 were still lower 
than 50% after the CCM teaching. Fetherstonhaugh and Treagust's study (1992) 
reported that the teaching strategy based on children's preconceptions successfully 
removed 13- to 15-year-old student's misconceptions about light properties and light 
propagation. The percentages of the scientifically acceptable concepts of light and its 
properties were around 80% in 15 out of 19 items after teaching intervention. Only 4 
out of 19 students did not reach 50% of correct responses. Osborne and Black (1993) 
made use of a set of open-ended strategies that were based on children's thinking and 
reported that the intervention was generally successful, with significant change being 
noted in several aspects of children's understanding. The percentage of children's 
correct responses about concepts of light was 52% in pre-intervention and 82% in post-
intervention. In this study, only 55% of the children's responses were correct, lower 
than the data from the previous research (Fetherstonhaugh & Treagust, 1992; Osborne 
& Black, 1993). This result indicated that, although for fourth graders the CCM was 
more effective at producing conceptual change about light propagation than was the 
traditional teaching approach, more effort is still needed for the success of conceptual 
change about light propagation. 
In this study, children in the CCM group performed better than children in the 
non-CCM in Category I (window images) (I = -2.44, p < 0.05 in the posttest; 
I = -2.57, p < 0.05 in the delayed posttest). Children in the non-CCM group 
performed as well as children in the CCM group in Category II (pinhole images) and in 120 
Category III (shadows). All these findings were coupled with a non-significant 
interaction between treatment and pretest on both types of teaching materials. In view 
of posttest and delayed posttest performance, CCM were superior to traditional 
teaching materials in Category I, although the CCM group achieved only 55%. The 
CCM were not superior to traditional teaching materials in Category II and Category 
III. 
Category I related to life experiences.  It was the application of light 
propagation. Category II (pinhole images) referred to the outcome of the designed 
teaching unit in this study. Category III (shadows) required further application of light 
propagation concepts. According to the objectives of the teaching sequences designed 
in this study, the three categories can be described as three levels of understanding 
about light propagation. Category II was the lowest level, memory level; Category I 
was the application level; and Category III was the highest level, the further application 
level. The results indicated that the CCM performed better in the application level but 
not in the memory level. The possible reason is that memorization can take place, 
regardless of teaching strategies. Goldberg and McDermott (1987) and Galili, Bendall 
and Goldberg (1993) investigated 13- to 15-year-old children's conceptions about lens 
image formation and found that students can use language to convey an entire idea, no 
matter what teaching strategies are used. In this teaching unit, it was common for 
students to recite the teacher's explanation that the entire pinhole image was moving 
through space from the candle, turning upside-down through the hole, and then going 
to the screen. The fact that the CCM were not superior to the traditional teaching 121 
materials in Category III means that CCM has its limitations, especially in the 
particularly low and the particularly high level. 
Analyzing children's responses on the individual items of the test revealed that 
life experience and classroom activities were not connected. Children drew "tunnel 
model" rays through a window in Items 1, 2 and 3 but not in the small holes of Items 4 
and 5. This result indicated that life experience, like parallel sunlight entering a 
window, provided the information to form the conceptions. The classroom activities 
seemed to be separated from the real phenomenon.  The window problem was 
connected with real life experience for children, but the pinhole was not, although 
scientists and educators consider them to be the same light propagation concepts. 
Different results of the CCM teaching for Category I and II indicated that concepts 
from classroom and life experience were separated. This result is consistent with the 
findings from Brickhouse's (1994) study, which reported third graders' learning in the 
science classroom and out of school and concluded that the model of light students 
constructed and developed from classroom activity had nothing to do with the model of 
light students formed from life experience. Also, supporting this reasoning is the data 
from children's correct responses of individual items (see Table 1). Item 5, the 
classroom activity, was more related to Items 1, 2, and 3, the life experience questions. 
However, children obtained high scores in Items 1 and 2 and low scores in Item 5 in 
both groups on the posttest (non-CCM group: 62% in Item 1, 70% in Item 2, 39% in 
Item 3, 4% in Item 5; CCM group: 72% in Item 1, 78% in Item 2, 50% in Item 3, 
13% in Item 5). 122 
Interviewing clarified the responses on the paper-and-pencil test. However, it is 
believed that only experts or experienced researchers can focus on the students' 
understanding of the question and the terminology used in the question. This 
consideration would provide valuable information that could be used to classify 
children's free responses and also provide future research. For example, a number of 
children drew strips on the shadow of the tennis ball. This answer was determined to 
be a misconception after interviewing, since children who drew strips on the shadow 
answered that "the strips appeared because of the strips on the tennis ball." Therefore, 
the study asserted that those children who drew the strips on the shadows held the 
misconception of "reified shadows," which has been found by previous research (Feher 
& Rice, 1986, 1988; Mayer & Feher, 1987). One more example is that children 
answered in Item 1 that light could enter only from window B not A, because "window 
A is so high that light cannot go through." Children thought that light emitted from a 
lamp could not go far because the lamplight was too weak. This finding was similar to 
a previous research finding by Guesne (1985), which reported that in children's minds, 
light cannot go as far at night as it does in the day. Children in Guesne's study and in 
this study were asked different questions, and they gave different responses. However, 
it is interesting to note that Taiwanese students have the same types of misconceptions 
as those already identified in other cultures. 
Another finding is that the concept of "light entity" existed in some students' 
minds. When Chi answered, "Light travels with straight-line pathway," she seemed to 
have conceptual understanding about light traveling. However, she could not answer 
why the upside-down image was formed, and she could not draw the correct size on 123 
paper. The concept of light as an entity that travels in space did not really exist in 
Chi's mind. This finding was like Guesne's finding (1985) that children thought of 
light as a source or effect rather than an entity. However, Hwa, one of the high-level 
students in the CCM group, described how light from the midpoint of the candle might 
go. She viewed light propagation as an entity that travels in space. 
More information obtained from the interview would make interesting future 
research topics. For example, the terminology, "wave," was used and drawn in the test 
and the interview. In the introduction of the study, the assumption was made that only 
the concept of straight propagation existed in children's minds. Children cannot 
observe the wave properties. However, the wave concept indeed appeared in children's 
minds. Which concept is more common in children's minds, "particle" or "wave?" 
Children's concept of light waves would be an interesting future research topic. The 
concept of diffusing, which was not considered in the research, seemed to exist in a 
few children's minds. Some children said that light can be reflected by the top wall to 
all directions. 
Some sources of children's conceptions also could be obtained from the 
interviews. Children told the researcher they learned the wave concept from media and 
books. The wave property of light has been presented in several media and children's 
books. Introduction to science content in media and books often provides children with 
new terminology. Unfortunately, children do not get the whole concept and misuse the 
terminology. Shapiro (1989) conducted a case study to investigate children's learning 
about light propagation. The study reported that each child experienced science in a 
different way, even in the same class, because each child had different anticipations and 124 
expectations. This situation also happened in this study. For example, when Chi was 
asked why the pinhole image became more vague, she answered, "my teacher said." 
However, Fong had a different answer, "I saw it." 
Limitations 
There are several aspects of this study that limit its ability to be generalized. 
One limitation arose from the low percentage of student learning.  It is important to 
note that the average performance of all students in the study only changed from 40% 
to 55% in the CCM group and less learning occurred in the non-CCM group. Three 
possible reasons might cause this result. One reason could come from the low 
reliability of the written test (0.62 - 0.79). In the non-CCM group, the reliability of 
the posttest was only 0.62. The other reason might come from the size of the classes 
(48-50 students in each class) which participated in the experiment. The typical class 
size exposed to conceptual change teaching in the literature was less than 25 students. 
None of the researchers used classes as large as the classes in this study. 
A second limitation is that the CCM based on children's preconceptions need to 
be expanded to include more than one unit. They should at least include all the science 
teaching units in one semester. However, because it is difficult for one teacher to teach 
in two different manners in the same semester, the results might vary to an unknown. 
The teacher might include some of the CCM in the control group without realizing it, 
although the experimental group is observed and validated by the researcher during the 125 
teaching sequence. If one teacher only teaches in one group, competition between
 
teachers may occur. This competition would result in another unknown.
 
A third limitation is that the instrument, with only 10 items, is not precise 
enough to determine children's conceptual change when ANCOVA is used to determine 
the effectiveness. Although all the questions in the previous research were included, 
more diagnostic questions need to be developed. 
Recommendations for Future Research 
Children can express scientifically acceptable statements while maintaining 
misconceptions (Cohen & Kagan, 1979) and can recite correct concept definitions 
without understanding them (Hoz et al., 1987). Future assessments should especially 
explore the conceptual understanding of those students giving correct answers. 
Children in this study correctly anticipated an upside-down pinhole image. However, 
they did not draw the size of the image to match the width of the cross-shaped light. 
An interview indicated that those children who did not draw the right size of the image 
did not really have the correct pinhole image concept. Therefore, one recommendation 
is that diagrams, in addition to multiple choice questions, can help to explore children's 
understanding. 
More precise instrument grading should be developed in this assessment for 
conceptual change. For example, the prediction that a ball with strips on it produced a 
larger shadow with strips (Item 8) was considered to be a misconception, reified 
shadow. In fact, the children who gave this answer held different conceptions from 126 
those children who answered that the ball's shadow would be the same size as the ball. 
Children who predicted the bigger shadow with strips, at least, understood that light 
was emitted divergently. Children who answered that the shadow would be the same 
size did not understand light straight propagation. In future research, the instrument 
grading for the conceptual change should have correct, partially correct, and incorrect 
options instead of right/wrong only. 
The CCM were found to be an improvement over the usual teaching methods, 
which, according to the literature described in the review, frequently leave students' 
preconceived ideas unaffected. The CCM also had a better improvement in Category I, 
a window image (life experience) than the traditional teaching approach (I = -2.44, 
p < .05, posttest; I = -2.57, p < .05, delayed posttest).  It is proposed that the CCM 
and a test of conceptual change could be applied to additional science topics, as part of 
a more global belief that conceptual change is the primary goal in science education. 
Equally important is research on student conceptions of other important scientific 
topics. Future studies should explore more effective strategies for conceptual change 
and for removing children's misconceptions. 127 
Implications 
One implication of this study is for the development of science curriculum. 
Low achievement (55%) after teaching interventions in both groups indicated that the 
teaching unit on pinhole images was not appropriate in the fourth-grade level. Science 
developers labor over behavioral objectives and matching classroom activities and 
evaluation techniques to our objectives. The use of behavioral objectives comes out of 
a behavioristic orientation, which certainly has validity, especially to assure 
accountability for covering specific topics. Parents, administrators, and the students, 
themselves, should have access to accurate information about what is being taught. But 
are students actually learning what the objectives indicate they should be learning? The 
answer to this question is not simple. If the objectives are low level, emphasizing 
recall and memory, then assessment can be accomplished fairly easily through paper­
and-pencil tests. However, students' ability to describe a pinhole image does not 
necessarily imply that they actually learned the concept of light propagation. When the 
students were asked on the posttest to predict the image produced by a large hole, only 
4% in the non-CCM group and 13% in the CCM group gave the correct answers.  It 
was obvious that children still used recall and memory, rather than experiencing 
conceptual change. The application of the scientific concept was still far from their 
minds. Science educators in Taiwan should be aware that fourth-grade children are 
unlikely to learn the application of light propagation through the pinhole teaching unit. 
Science developers should delay the teaching about pinhole images to a later grade 
level. The CCM in this study were revised from the pinhole image unit, only because 128 
the research did not interrupt the regular teaching, not because the activities in the unit 
were reliable for the learning of light propagation. 
Another finding from the difference between the results on Items 1, 2, 3, and 5 
in both groups was that children had difficulty synthesizing life experience and 
classroom activities. Items 1-3, referring to the window image, related to life 
experience. Item 5 referred to the large hole image, which followed pinhole images, (a 
classroom activity). These items are explained by the same scientific concept. The 
correct percentage in Item 1 was 62% in the non-CCM group and 72% in the CCM 
group. However, the correct percentage in Item 5 was only 4% in the non-CCM group 
and 13% in the CCM group. This finding was similar to that of Brickhouse's (1994), 
who tried to promote learning with third graders by discussing out-of-school problems. 
Brickhouse found that children not only could not solve the problems but brought more 
complicated problems, which caused the topic learning to become more ambiguous and 
unpredictable. A possible implication from this finding is that a science curriculum 
linking the life experience and the classroom activities should be developed and tested 
for its effectiveness. 129 
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Appendix A
 
Teaching Sequence for Pinhole Images
 
Goal: Students should be able to construct the model of light propagation. 
Objectives: 
Students should be able to understand how the upside-down pinhole image is 
formed. 
Students should be able to understand the relationship between the size of the 
pinhole image and the distance between the candle and the screen. 
Students should be able to understand the relationship between the size of the 
pinhole image and the distance between the screen and the pinhole. 
Students should be able to understand the relationship between the pinhole 
image and the size of the pinhole. 
Procedures 
(A)	  Diagnosis of Students' Thinking. 
Students are asked to write down their ideas of how to form the pinhole image 
and draw pictures of how this occurs. Students answer Questions 1 and 2 on 
Worksheet #1. Students' conceptions are identified and described to the 
teachers before the teaching and are also already found in the pretest results: 
1.	  The pinhole image is a circle like the shape of a pinhole. These students 
considered the pinhole as having an active role. 
2.	  The pinhole image is upright and is the same size as the candle flame. 
These students considered the flame to be able to fit the pinhole. 
3.	  The scientific term, "reflection," was misused. 
4.	  The drawing of double-V-shaped light rays revealed that the students 
thought the pinhole played an active role. 
Then, the teacher calls two or more students to show their models about 
pinhole images on the blackboard and present their ideas to the whole class, 
without the teacher's or students' judgment. 137 
(B)  Teaching Processes 
(Analogy, conflict-producing, group discussion, and learning cycle) 
This phase, comprised of participation in groups and individually completing the 
specially designed Worksheets #1 and #2 (see Appendixes B and C), is designed 
to challenge the above preconceptions. Worksheet #1 is designed to elicit 
children's preconceptions before the observation. Worksheet #2 will be 
completed after reinforcing ideas learned in the observation by the whole-class 
discussion. 
Students are guided to observe the real phenomenon through peer group 
discussion. Dissatisfaction is produced in the students because of the conflict 
between the real situation and the prediction. 
The teacher presents to the class the scientifically acceptable idea of how the 
pinhole images are formed, stressing that light travels in a straight path and goes 
through the pinhole by using the strategy of analogy. Teachers explain that light 
goes through space much the same as a bead rolls on a flat surface.  It travels in 
a straight line unless it collides with other objects. Then, students are to be 
asked to complete Questions 1 and 2 on Worksheet #2. Not all students will 
have a conflict with this idea, but it is presented to create dissatisfaction with 
their own ideas in the minds of those students who do not believe that straight 
light propagation is necessary for the upside-down pinhole image. 
Students are to be asked to examine and compare both models (answer Question 
3 on Worksheet #1) and discuss their ideas in groups and individually. In the 
whole-class discussion, students are to be asked to answer whether or not light 
has to travel straight and to consider how the image changes if there are two 
candles (one is smaller than the other). (Students answer Question 4 on 
Worksheet #1) 
The teacher will guide students to justify which model works best. Some 
students will have no definite model about how the upside-down pinhole image 
is formed. To demonstrate that straight light propagation is necessary, the 
teacher will use a diagram to show how the image is formed. This experience is 
designed to demonstrate that the model of light traveling in a straight path is 
intelligent and plausible and to induce conflict in those students who have the 
"fitted model" or "active hole model." (Students are asked to complete Question 
2 on Worksheet #2) 
The teacher will then block the top of the flame to demonstrate that the students 
can only see the bottom of the flame and to confirm the upside-down image. 
(Students are asked to answer Question 5 on Worksheet #1 and then Question 2 
on Worksheet #2.) 138 
All the above demonstrations help to exchange concepts in those students 
experiencing dissatisfaction with their own ideas. For those students who have 
no conflict (that is, those students who have no model of how pinhole images 
are formed or how light travels or who already hold the scientifically accepted 
model), the demonstration in the whole class serves to allow integration or 
differentiation of the new concepts. 
To provide students with experiences that light must travel in a straight path, 
additional activities will be arranged in other sessions. In those sessions, 
students will be asked how the image is changed if the distance between the 
pinhole and the screen is increased and then asked to explain their answer 
(answer Question 6 on Worksheet #1). After discussion, a diagram will be 
shown with different sizes of the images appearing. The diagram is used as an 
attempt to encourage the transfer of a concept to a new instance. Conflict or 
integration or differentiation about the idea that light must go straight to form 
the upside-down pinhole image takes place. The students will also be asked to 
predict the result of changing the distance between the candle and the pinhole 
(students answer Question 7 on Worksheet #1) and then discuss the subsequent 
observations (answer Questions 4 and 5 on Worksheet #2). The reason for the 
change in the size of the pinhole images will further strengthen the scientifically 
acceptable model of straight light propagation and ensure that the scientist's 
model is applicable. 
Further understanding about straight light propagation will follow another 
discussion about the fuzzy pinhole images of multiple pinholes and the larger 
pinhole. (Students answer Questions 8, 9, and 10 on Worksheet #1 and then 
Questions 6, 7, and 8 on Worksheet #2.) 
This experience, designed to help integrate, differentiate, or exchange the 
concepts process, is further developed in the whole class discussion and the 
completion on Worksheet #2. 139 
Appendix B
 
Worksheet #1
 
1.	  Write down and draw the way you think the image of the candle flame through 
the pinhole placed on the table would appear. 
2.	  Explain the reason the image is formed. 
3.	  Compare the difference between the model constructed before the observation 
and the model constructed after the observation. 
4.	  Describe the images of the two candle flames (one is smaller than the other). 
Why? 
5.	  Describe the image after the top of the flame is blocked. 
6.	  How will the pinhole image change if the distance between the pinhole and the 
screen is increased? 
7.	  How will the pinhole image change if the distance between the pinhole and the 
candle flame is increased? 
8.	  How will the pinhole image change if there are two pinholes close together? 
9.	  How will the pinhole image change if there are three or more pinholes close 
together? 
10.	  How will the pinhole image change if there is a larger pinhole (comprised of 
many pinholes)? Does the image become clearer or fuzzy? 140 
Appendix C
 
Worksheet #2
 
1.	  Observe the pinhole image and reconstruct the model of the image formation 
through whole class discussion. 
What is the scientist's model of how the upside-down pinhole image is formed? 
2.	  Observe the pinhole images of the two candle flames on the table and construct 
the model of image formation through whole class discussion. 
Draw a diagram of how the image is formed. 
3.	  Observe and write down the change in the pinhole images after blocking the top 
of the flame. 
Draw a diagram of how the image is formed. 
4.	  Observe and write down the change in the pinhole images after increasing the 
distance between the pinhole and the screen. 
Draw a diagram of how the image is formed. 
5.	  Observe and write down the change in the pinhole image after increasing the 
distance between the pinhole and the flame. 
Draw a diagram of how the image is formed. 
6.	  Observe and write down the change in the pinhole images while there are two 
close pinholes.  Is the image becoming more clear or fuzzy? 141 
Appendix D 
Instrument 
Class: 
Name: 
Date of Birth: Year  Month  Day 
In the night, a room with three windows (A, B, and C), a wall, and a lamp are placed 
as in the diagram below. Please answer the following three questions. 
Lamp	  Wall 
1.	  One person is staying inside the room. From which windows can the person see 
the lamp? Ans: A  B  C 
Why? 
2.	  Through which windows can light enter directly? Ans: A B  C 
Why? 
3.	  Where will the lamp light reach directly? Ans: D E F G 
Why? 142 
4.	  What will you see on the screen if we place the small pinhole between the 
screen and the candle? Ans: 
Can you draw what happened? 
Candle  Pinhole  Screen 
5.	  What will you see on the screen if we place the large pinhole between the screen 
and the candle? 
Ans: 
Can you draw what happened? 
Candle	  Large  Screen
 
Pinhole
 
6.	  What will you see on the screen when we turn on the cross-shaped light, if we 
place the small pinhole between the screen and the cross-shaped light? 
Ans: 
Why?
I
Cross-shaped Lamp  pinhoieScreen 143 
7.	  What will you see on the screen if we mask the top of the cross-shaped light, so 
it looks like a T? Ans: 
Can you draw what happened? 
Pinhole  Screen T-shaped Lamp 
8.	  Hold this tennis ball (between the light and the screen) as in the diagram below. 
If you turn on this light, what will you see on the screen? (Describe color, 
shape, and size) 
Ans: 
Can you draw what happened? 
0
Ball
Lamp 
9 
Screen 144 
9.	  Hold this red ball between the light and the screen, as the diagram below. 
If you turn on this light, what will you see on the screen? 
Ans: 
Can you draw what happened? 
Lamp  0 Iii 
Red Ball 
10.	  Hold this tennis ball between the red light and the screen, as in the 
diagram below. If you turn the light on, what will you see on the screen? 
Ans: 
Can you draw what happened? 
Ball 
Red Lamp 145 
Appendix E 
Classroom Observation Sheet for the Non-CCM Teaching 
Objectives  Activities  Evaluation 
(Y or N) ,
 
Upside down image properties  Explain the reason for the
 
upside-down image.
 
Draw the light rays. 
Two candle pinhole images	  Inverse of left and right.  , 
Inverse of top and bottom. 
The change in pinhole-images	  The further away from the
 
screen, the bigger the image.
 
The closer the candle to the 
pinhole, the bigger the image. 
Observe the overlapping of 
multi-images. 
The bigger the pinhole, the 
more vague the image. 
Note: "Y" = Yes, the teaching reaches the objectives; "N" = No, the teaching did not 
reach the objectives. 146 
Appendix F 
Classroom Observation Sheet for the CCM Teaching 
1.  Upside down image properties 
Activities 
Predict the pinhole image 
on Worksheet #1 
Call two students to draw 
their ideas on the 
blackboard. 
These two children present 
their explanations about 
these two models. 
Students observe the real 
phenomenon. 
Teacher shows the conflict 
between the real 
phenomenon and the 
incorrect model. 
Students criticize the two 
models. 
Teacher explains the light 
propagation similar to the 
bead rolling on the flat 
surface 
Students reconstruct the 
scientific concepts on 
Worksheet #2. 
Strategy 
Individual thinking 
Evaluation 
(Y or N) 
Two models shown to the whole class; 
one is upside-down image with straight-
line propagation, the other one is upright 
image with one of children's 
preconceptions. 
The whole class listens without 
criticizing. 
Group discussion 
Conflict-producing 
Class discussion 
Analogy 
Individual reconstruction 
Note: "Y" = Yes, the teaching reaches the objectives; "N" = No, the teaching did not 
reach the objectives. 147 
2.  Two candle pinhole images (learning cycle) 
Activities 
Predict the pinhole images 
of two candles on 
Worksheet #1 
Call two students to draw 
their ideas on the 
blackboard. 
These two children present 
their explanations about 
these two models. 
Students observe the real 
phenomenon. 
Teacher shows the conflict 
between the real 
phenomenon and the 
incorrect model. 
Students criticize the two 
models. 
Teacher shows the light 
propagation with straight-
line pathway. 
Students reconstruct the 
scientific concepts on 
Worksheet #2. 
Strategy 
Individual thinking 
Two models shown to the whole class; 
one is upside-down and inverse of left 
and right, the other one is one of 
children's misconceptions. 
The whole class listens without 
criticizing. 
Group discussion 
Conflict-producing 
Class discussion 
Analogy 
Individual reconstruction 
Evaluation 
(Y or N) 
Note: "Y" = Yes, the teaching reaches the objectives; "N" = No, the teaching did not 
reach the objectives. 148 
3.  Changing the distances between the pinhole and the screen and between the 
pinhole and the candle. 
Activities 
Predict the change in the 
pinhole image if the 
distance between the 
screen and the pinhole 
is changed. 
Call two students to draw 
their ideas on the 
blackboard. 
These two children present 
their explanations about 
these two models. 
Students observe the real 
phenomenon. 
Teacher shows the conflict 
between the real 
phenomenon and the 
incorrect model. 
Students criticize the two 
models. 
Teacher explains the 
correct model. 
Students reconstruct the 
scientific concepts on 
Worksheet #2. 
$trategy 
Individual thinking 
Evaluation 
(Y or N) 
Two models shown to the whole class; 
one image is getting larger with straight-
line propagation, the other one is one of 
children's misconceptions. 
The whole class listens without 
criticizing. 
Group discussion 
Conflict-producing 
Class discussion 
Analogy 
Individual reconstruction 
Note: "Y" = Yes, the teaching reaches the objectives; "N" = No, the teaching did not 
reach the objectives. 149 
4.  Changing the size of the pinhole 
Activities 
Predict the pinhole image 
if the size of the pinhole is 
increased. 
Call two students to draw 
their ideas on the 
blackboard. 
These two children present 
their explanations about 
these two models. 
Students observe the real 
phenomenon. 
Teacher shows the conflict 
between the real 
phenomenon and the 
incorrect model. 
Students criticize the two 
models. 
Teacher explains the 
scientific model. 
Students reconstruct the 
scientific concepts on 
Worksheet #2. 
Strategy 
Individual thinking 
Evaluation 
(Y or N) 
One model is the correct model, the 
image getting more vague; the other is 
one of the children's misconceptions. 
The whole class listens without 
criticizing. 
Group discussion 
Conflict-producing 
Class discussion 
Analogy 
Individual reconstruction 
Note: "Y" = Yes, the teaching reaches the objectives; "N" = No, the teaching did not 
reach the objectives. 150 
Appendix G
 
Interview Protocol
 
1. Introduction 
For example, the researcher said: "I would like to talk to you about the 
meaning of the answers you've written on the paper." 
2. Showing the Cards to the Child Interviewed 
Ten cards were shown to children who were asked about the 10 questions in 
the paper-and-pencil test. 
3. Follow-up Question for Each Test Question 
For example, children were asked, "Why did you answer that (show the 
answers written in the paper-and-pencil test)?" or "Why did you draw that?" or 
"Can you explain to me the reason you think that?" and "Can you tell me more 
about that?" 
4. A Final Comment 
"Thank you for telling me about the meaning of your answers and your 
drawings." 